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In the first place, it is necessary that I 
should define what is meant by this 
word “telpherage,” and perhaps that I 
should defend its formation. The word 
is intended to designate all modes of 
transport effected automatically with 
the aid of electricity. According to 
strict rules of derivation, the word would 
be “ telephorage ;” but in order to avoid 
confusion with “telephone,” and to get 
rid of the double accent in one word, 
which is disagreeable to my ear, I have 
ventured to give the new word such a 
form as it might have received after a 
few centuries of usage by English 
tongues ; and to substitute the English 
sounding “telpher” for “telephore.” 

In the most general sense, telpher lines 
include such electric railway lines as were 
first proposed by my colleagues, Messrs. 
Ayrton and Perry. The word would 
also describetlines such as I have seen 
proposed in the newspapers, for the con- 
veyance of small parcels at extremely 
rapid rates. But to-night I shall con- 
fine myself entirely to the one specific 
form in which the telpher line first pre- 
sented itself to my mind, and which it 
has fallen to my lot to develop. In 
this form telpher lines are adapted for 
the conveyance of minerals and other 
goods at a slow pace, and at a cheap 
rate. 

The problem which occurred to .me 
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was this: Was it not really possible to 
send vehicles, by means of electricity, 
along a single suspended wire or rod— 
in fact, to telegraph goods and passen- 
gers instead of messages. The idea 
is familiar as a joke, but, on considera- 
tion, it appeared that there might be 
good grounds for supposing both that 
the idea was practicable and useful. I 
am now able to show you the realization 
of that idea, and the result of experi- 
ments on a large and practical scale has, 
I think, justified the arguments which 
have induced me to devote much time 
and labor to telpherage. 

[Here the model was shown in action. 
This model consisted of two concentric 
octagons of wire, the length of each 
outer span being 5 ft. On each octagon 
there was a single locomotive and train, 
equal in length to that of the span. These 
trains ran well and steadily in opposite 
directions round the lines. } 

These arguments may be stated as fol- 
lows: 

We could not, with steam, employ a 
vast number of little one-horse engines 
to pull along a number of small trains or 
single wagons. There would be waste 
in the production of power, and great 
cost in the wages of the men employed 
at each engine. But an electric current, 
of, let us say, 50 horse-power, will, as it 
circulates through a conductor of mod- 
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erate size, drive thirty small engines 
each of one horse-power, which require 
practically no supervision, and can be 
made nearly as economical in their ac- 
tion as a single electromotor of 30 horse- 
power could be. 

But if the power can be distributed 
economically along a line, say, ten miles 
in length, this allows us to employ thirty 
small trains, corresponding each to a 
waggon pulled by one horse, instead of 
a single train such as might require 30 
horse-power. It we further distribute 
the weight by making each train of con- 
siderable length, we are able to employ 
an extremely light form of road, such as 
a suspended rope of rod of, say, Zin. di- 
ameter. Later on in the paper I will 
show the amount of traffic which such a 
rod can practically convey. Meanwhile, 
I simply draw your attention to the 
general principles of the subdivision of 
power and the subdivision of weights. 
In distributing the power by means 
of electricity, it was clear that con- 
siderable waste must be incurred, but 
the amount of that waste is easily caleu- 
lated, and is by no means prohibitory. 
Moreover, the power, being obtained 
from stationary engines, or in certain 
cases from falls of water, could be pro- 
duced at a cheap rate in comparison with 
that obtained from locomotives or trac- 
tion engines. 

When I examined the various forms of 
possible road by which the distributed 
power and distributed load could be con- 
veyed, it seemed to me that the single 
suspended rope or rod offered great ad- 
vantages. The smallest railway involved 
embankments, cuttings, and bridges, 
fencing, and the purchase of land. A 
single stiff rail, with numerous supports, 
from which the train might hang, seemed 
better, and may, in some cases, be em- 
ployed, but the supports would require 
to be numerous—say, one post every 10 
or 15 feet—and even with these spans, 
the girder required to carry vehicles 
weighing 2 cwt. each, would be costly. 
With a single suspended rod or rope, we 
may have supports 60 or 70 feet apart. 


A #-inch rod, thus supported, will carry, 


five vehicles, each bearing 2 ewt., without 
excessive strain. No purchase of land 


‘meddled with, either by men or animals. 


A single wheel- path gives the minimum 
of friction, and the rolling stock can be 
much more easily managed than if we 


attempted to let vehicles run on double 


swinging ropes. On all those grounds 
it seemed well worth while to devise 
means by which trains could be electric- 
ally and automatically driven along the 
single suspended rod. 

Before proceeding further, I had 
better state how far this idea has been 
realized. The Telpherage Company, 
Limited, was formed last year, to test 
and carry out my patented inventions 
and those of Professors Ayrton and 
Perry for electric locomotion. On the 
estate of Mr. M. R. Pryor, of Weston, 
two telpher lines, on my plan, have been, 
erected. One of these is a mere straight 
road, with spans of 60 feet, and various 
forms of rod and rope. The first full- 
sized train was run on this line with a 
locomotive which we call the bicycle- 
wheel loco (Figs. 8 and 9). The line was 
found inconveniently large and high, and 
the experiments were continued on a line 
8-inch diameter, of round steel rods, with 
50 feet span. This line is continuous, 
that is to say, it re-enters on itself. It 
is 700 feet long, and we have run a train 
of more than one ton at a speed of five 
miles per hour on this line with com- 
plete success. The insulation has given 
no trouble. It need hardly be said that 
we see our way to great improvements in 
details. Thus, we can make the road 
more uniform, and stronger for its weight; 
we can lessen the quantity of material 
used, and greatly diminish the amount 
of skilled labor required in erection. We 
can improve the design of the posts. We 
can improve the trucks and locomotives, 
so that they will go around sharper 
angles, and so forth, but the main object 
has been practically carried out. We 
have had trains on a scale as large as I 
am prepared to recommend, running at 
the highest speed I have contemplated. 

I trust it will be clear to you, from this 
description, that what I have contem- 
plated and realized is not an electric rail- 
way destined to compete with steam rail- 
ways in conveying goods and passengers 


vat high speeds, neither is it a new form 


is necessary, no bridges, earthworks, or| of communication destined for small 
fencing. The line can be so far removed parcels and high speeds; it is simply a 
from the ground that it will not be|cheap means of conveying heavy goods 
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which, .) 3 coal or grain can be carried 
in buckets or sacks, each containing two 
or three hundredweight. The speed on 
a telpher line will be that of a cart, and 
the object we aim at is to cart goods at 
a cheaper rate and more conveniently 
than with horses. 

I assume that you all know that an} 





cross-over system; all the trains are 
joined by it in parallel arc, and the cur- 
rent is reversed each time a train passes 
a gap. This reversal does not affect the 
working of the motor. This is the plan 
which has been carried out on a large 
scale at Weston. Its simplicity leads me 
to believe that it will be the plan most 


electric motor is a machine which will | usually adopted, but several other meth- 
run so as to exert power whenever an/|ods of driving have been devised. A 
electric current is passed through it.|spark passes between the wheels and 
You also know that a machine called a/| the line each time the current is stopped, 
dynamo, driven by a steam-engine or | but this spark occurs between large 
other source of power, will produce an | masses of metal, where it appears to be 
electric current which may be conveyed | harmless ; it has given me no trouble 
along a suspended and insulated rod, and | whatever at Weston. Moreover, it has 


used to drive an electric motor. 

In describing the details of my sys- 
tem, the first point to be explained is, | 
how the current produced by the dyna- 
mo, and conveyed along a single line, is 
taken from thai line and directed round 
the motor. 

In endeavoring to realize this idea, the | 
first thought which occurred to me was | 
that of dividing the line into lengths, | 





been found very easy to make connection 
between the line and the train. The 
ordinary truck wheels answer admirably, 
so that no complicated brushes are re- 
quired. There are some absolute advan- 
tages in having interruptions at regular 
intervals, but the discussion of these 
would lead me too far for my present 
purpose. 

Only one of the two continuous con- 


equal to the length of the train, so that / ductors requires to be insulated ; this 
using the train to bridge over a gap be- results in alternate insulated and unin- 
tween two sections at different potentials, | sulated sections all along each line. Fig. 


the current could be conveyed from the| 1 shows a saddle, as we call it, with an 


leading to the trailing wheels of the 


train, round the motor. ‘his idea is 
employed in the model now shown ; but, 
in the first form which suggested itself, 
the gaps between the sections were 
opened by a switch worked by the front 
of the train, and closed by a switch 
worked by the end of the train. The 
first model, which may have been seen 
by some present, working in Fitzroy- 
street, was made on this plan. Trains 
driven in that way would all be coupled 
series. The present model is differently | 
arranged ; there are no working parts or | 
switches. Let the successive sides of | 
the polygon be called the odd and ev en | 
sides; the odd outer sides are con-| 
nected with the even inner sides, and the | 
even outer sides with the odd inner | 
sides. We thus have two continuous | 
conductors each going right round the 
model, but not joined to each other ; | 
these are connected to the two poles of a 
battery. So long as no train bridges a 
gap no current flows, but whenever the 
train bridges the gap, a current flows 
from the positive to the negative pole 
round the motor. This plan is called the 
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insulated attachment, B, at the one end, 
and an insulated attachment A at the 
other, as used for a short sample line 
which has just been sent to Peru for the 
Nitrates Railway Company, Limited. 
The line itself is a three-quarter inch 
steel rod with forged ends, and Fig. 2 
sufficiently shows the mode of attach- 
ment. The insulation is given by a vul- 
canite bell insulator D, carrying a cast- 
iron cap C. All the parts are designed 
to stand 2.2 tons strain; the vulcanite is 
secured between two layers of Siemens’ 
cement. The experiments at Weston 
have shown that vulcanite answers per- 
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fectly, but the material is rather expen- 
sive. I have here a smaller porcelain 
insulator, which has been subjected to 
2.2 tons’ strain. I believe porcelain will 
answer well in all respects, but it has 
not yet been subjected to the test of 
actual traffic day by day. At Weston 
the vulcanite was used between layers of 
Portland cement, the only objection to 
which is, that it takes some time to set. 
The simple steel rod has been found 
preferable in all ways to rope. We find 
that there is less friction and less 
jar with the rod, and ample flexibility ; 
it is also much easier to secure. More- 
over, a solid rod with welded ends can 
be made so that the ends, where sup- 
ported, are, to some extent, undercut, as 
is shown in the corresponding bulb 
angle-iron (Fig. 3) used for rigid parts 











COZ 


ofthe road; this undercutting allows 
much greater freedom of rolling than 
would be compatible with the horizontal 
gripping wheels, especially when grip- 
ping wheels are used which, like those 
in the model, actually hold on to the line 
so as to resist being lifted. A short 
piece E, slightly insulated, prevents the 
sections from being short-circuited by 
the wheels. 

















Fig. 4 shows the posts and crosshead 
supporting the line. In the one-inch ex- 
ample this design was fully carried out, 
and the*posts stood the cross strain due 


to the overhanging load perfectly. In 
the five-eighth line an attempt was made 
to cheapen the construction, but the posts 
in wet weather work at the foundations ; 
it is well that we are put on our guard 
against this danger. In the first design 
a sort of rocking saddle was employed, 
to allow the strain to be transmitted from 
one span to the next, but the flexibility 
of the posts provided amply for this ob- 
ject. 

' Abutment posts are required at intervuls, 
and these can be made use of to provide 
compensation for changes of temperature, 
and to limit the stress on the rods. In 
straight lines I reckon about four abut- 
ment posts per mile. 

In the short South American line, 
curves of 45 degrees at the posts will be 
employed, as shown in the model. At 
the stations where goods are to be han- 
dled, a rigid rod will be more convenient 
than the flexible rod. A bulb angle-iron 
like that shown in Fig. 3, supported every 
ten feet, answers well at Weston, anda 
siding, leading the trucks off this line, 
has been satisfactorily carried out. The 
siding leads back to the line at a point 
between two flexible spans. In fine, it 
may be said to-night that the problém of 
the continuous line, whether straight, 
curved, rigid, or flexible, has been com- 
pletely solved. Drawings and specifica- 
tions can be put, without further delay 
or experiment, into the hands of con- 
tractors. 














Trucks used on ordinary rope lines are 
designed to be pulled by ropes on a road 





which is necessarily straight. When 





trucks of this description, with wheels 8 in. 
diameter and 22 in. wheel-base (Fig. 5), 
were tried at Weston, arranged in trains, 
some new difficulties presented them- 
selves. Any sudden check to the motion 
was followed bya rearing action, throwing 
the truck off the line; similar results fol- 
lowed the application of any sudden pull. 
Moreover, trucks with two rollers ona 
rigid frame, even with so great a wheel- 
base as 22 in., require curves of consider- 
able radius if we are to avoid serious bind- 
ing at the flanges. Notwithstanding these 
difficulties, the trains at Weston, with a 
little care, run well and lightly, but the 
trucks which have gone to South America 
are on the plan adopted in the model, 
and run much more safely, and turn much 





























sharper curves. They have two peculiar- 
ities—first, each wheel 7 in. diameter 
(Fig. 7), is pivoted on an axis, B, verti- 
cally over the center of the wheels, A; 
this allows the truck to run with the free- 
dom of a bicycle round curves ; secondly, 
the weight carried is hung on a swinging 
arm, D, pivoted to the frame at a point, 
P, on a level with the line. The result is 
that any force applied in a plane contain- 
ing the line acts as if applied at the line 
itself, and will neither lift the wheels in 
front nor behind. In the model, the coup- 
ling, as you see, is on one line attached 
to the top of the swinging arm, where 
the coupling rods are well out of the way. 
In the other line the coupling is below 
the rod. The swinging arm relieves the 
locomotive from all jerk at stopping or 
starting. 
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The truck is completed by a small hook 
or catch embracing the rod. In case of 
any accident causing the wheels to leave 
the line, this hook will prevent the truck 
from falling. The weight of the two- 
wheel stiff truck, shown in Fig. 5, with 
wrought-iron buckets, is 75 lbs. The 
weight of the two-wheel pivoted trucks, 
with wooden bucket, is 63 Ibs. They are 
both adapted to carry 2 ewt. Fig. 6 
shows a one-wheeled truck tested— 
the results were not favorable. A spe- 
cial form of bucket must be designed to 
suit such kind of traffic. Simple iron 
hooks for sacks will, in many cases, be 
available, and these hooks can be so con- 
trived that on being struck they will drop 
the sack. 






































The first type of locomotive which 
was tried on a large scale is shown in 
Figs. 8 and 9. The motor lies hori- 
zontally across the line, and is con- 
nected by a form of frictional gearing, 
which I term right-angle nest gearing, 
with the edge of a bicycle wheel, W. The 
shaft of the bicycle has on it two discs, 
BB, one of which is fixed on the shaft, 
while the other can slide longitudinally 
onthe shaft. These two dises are pressed 
together by a spring, D. Their edges 
bear on the horizontal gripping rollers, 
A and A, which seize the line. These 
rollers are supported in such a way as to 
be free to come together under the press- 
ure of the spring transmitted by the discs, 





BandB. By tightening the spring, any 
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required grip can be obtained with no in- | form of this type, to exert one-half horse- 
jurious friction, either on the cross shaft | power, on the average, is 200 lbs., an ex- 
or on the spindles of the rollers. This|tra half-hundredweight would give one 
grip is a form of right-angle nest gearing. | horse-power. The driving wheels, AA, 
The weight of the locomotive was taken | of this example are 64 in. diameter. The 
by wheels, CC, fore and aft. The fol-|motor makes 9.23 revolutions for one of 
lowing defects were observed :—The fric- | the driving wheels. One mile per hour 
tional surfaces both in the upper and corresponds to 473 revolutions per min- 
lower nests, were too small, and the ma- ute of the motor. 35.21 inch-pounds at 
terials too soft, so that rapid wearing re-| the motor spindle are required for a pull 
sulted with a consequent increase of | 100 lbs. at the rail. 

friction. Moreover, the grip was so pow-| Figs. 10 and 11 show a locomotive 
erful, that the rollers, AA, were capable | designed by Mr. A. C. Jameson, when I 
of supporting the weight, and thus a small | was personally unable to attend to work. 


























inclination of their vertical axis was| This locomotive, which is called the belt 
enough to cause the locomotive to rise, | locomotive, shows a great advance on its 
and even run off the line; moreover, the| predecessor. The general arrangement 
vertical curvature in the rope, or at the|of the upper nest grip is retained, but a 
posts, required the rollers, AA, to be| most ingenious modification has been in- 
deep, thus limiting the extent to which | troduced by which the dises, C C, run on 
rocking was admissible; moreover, very,| one path on the rollers, A A., while the 
broad pulleys, fore and aft, would be re-|rod runs on another. In this way, the 
quired even for moderate horizontal | dirt from the line is never conveyed to 
curves. Nevertheless, this locomotive| the driving disc surface between A and 
ran sufficiently well on the one-inch|C. Moreover, these frictional surfaces, 
line during an exhibition to the share-| which are points in the first form, have 
holders last autumn. The weight for a| become lines in the second. This head 
five-eighth line of 2 somewhat improved | answers admirably. The weight is car- 
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ried by a roller, B, between the gripping 
discs, an arrangement contained in one 
of my first small models, and wrongly re- 
jected in the first large locomotive. With 
this subdivision of weight, the gripping 
wheels are much less likely to rise, and 
can be made very shallow. In the actual 
locomotive, these gripping wheelsare ofan 
open inverted A shape, whch has certainly 
run very well, although I prefer at present 
the upright Y shape, which closes under 
the rail, as used in the model before you. 
Both of the gripping rollers drive as in 
the first type. The cross shaft is driven 
by a belt on a 20-in. pulley, D; the other 
end of the belt runs on a 2-in. pulley, E, 
on the motor spindle. The friction due 


Fig. 10. 
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to the pull of this belt on the motor 
spindle is relieved by friction rollers. 
This locomotive runs extremely safely 
and steadily on the line; indeed I am 
not aware that it has ever been thrown 
off. 

The following are particulars of its 
construction :—Weights with 96 lbs. one 
horse-power motor 269 Ibs; wheel-base 
2 ft. 6 in.; diameters of driving rollers 
6 in.; 4.94 revolutions of motor per one 
revolution of driving wheel. A couple 
of 60.6-inch lbs. on motor is required for 
100 lbs. pull at rail. 276 revolutions of 
motor correspond to one mile per hour 
on the rail. 

The only improvements I have to sug- 





gest in this design are :—I1st, the addition 
of gear which will give a higher speed 
of motor for the normal speed of four 
miles per hour, which we contemplate ; 
2d, the addition of a swivel or bogie arm, 
such as is used in the model before you; 
3d, improvements in the belt connection. 
Moreover, the machine requires strength- 
ening in some places. It will, however, 
be seen that none of these points touch 
the essential features of the design, which 
might at once be adopted in practice. 
Worked with motors of the Gramme type, 
the additional gear would not be required. 

Before the belt locomotive had been 
completed, it was necessary to design a 
locomotive for the South American line, 








which I have several times mentioned. I 
had, meanwhile, constructed the model 
which is now before you; and this little 
locomotive, in which the power is trans- 
mitted, by ordinary spur wheels, ran so 
extremely well, that I adopted the gen- 
eral arrangement for the next example 
on a large scale. This arrangement is 
shown in Figs. 12 and 13, the grip (CC 
and BB) isa third variety of the right- 
angle nest, simpler than that in the belt 
locomotive. In this form, also, we have 
line contacts, and two paths for the dises 
and rod. Where it is desired to drive 
from both sides, this arrangement is less 
powerful than that in in the belt locomo- 
tive. In the South American locomotive, 
I drive from one side only, leaving the 
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off side roller free to revolve as it pleases ; 
this avoids grinding at rapid curves, and 
the adhesion given by one wheel will be 
ample in a dry country, such as that 
where this locomotive is to work. The 
arrangement of the gearing, E and F, is 
obvious ; itallows the locomotive to lie fore 
and aft instead of across the line, and this 
design has some advantages in the adjust- 
ment of the weights. The surfaces of the 
gripping wheels are arranged like an up- 
right YW, soas to hold on under the line. 
This makes it very difficult for the wheels 
to leave the line, both because of their ab- 
solute hold and because the inclination of 


























the Y is such as to favor the action of 
gravitation in overcoming the friction of 
the grip, instead of opposing it as in the 
inverted :A. 

Another feature of this machine is the 
arm pivoted at P, and carrying the lead- 
ing wheel, which is again pivoted at M 
in the arm, as in the case of the trucks. 
This construction allows the locomotive 
to traverse curves of 6 ft. radius—a very 
remarkable result. 

The full-sized locomotive has only just 
been completed, and run on three spans 
at Messrs. Easton and Anderson’s. So 
far as I am able to judge from the trial, 
it is likely to be a complete success. It 
will be immediately shipped for its desti- 
nation, so that its performance cannot be 


more fully tested in this country. The 
following particulars will show that it is 
much more powerful than the belt loco- 
motive, but it is considerably heavier :— 
Wheel-base, 2 ft. 6 in.; weight, about 3 
ewt. 14 lbs.; 15 revolutions of motor per 
revolution of driving wheels; diameter of 
driving wheels, 10 in.; 33.3 in. lbs, per 
100 Ibs. pull at rail; 504 revolutions of 
motor per minute for one mile per hour. 

I am in doubt at this moment whether 
to adopt the belt locomotive or the spur 
wheel locomotive for the next example; 
it is simply a question of cost, weight, 
and durability. Either will do the work. 














ELECTRO-MOTOR 


In all the arrangements it is essential 
that the second bearing wheel at M (Fig. 
13) should lead, not: follow the drivers in 
regular work. The reverse arrangement 
lets the rope lead on at an angle with the 
plane of the roller, causing an injurious 
grinding action. 

Details of couplings have been well 
worked out, but space fails for their de- 
scription. 

As general features of the train run- 
ning on the line, I may mention that the 
deflection of the rod within reasonable 
limits has very small influence on the re- 
sistance. When the deflection on a 50 
ft. span was about 2.4 ft., the resistance 
for a train of trucks, weighing in all 
1,260 lbs., was 22 lbs.; and no sensible 





difference could be detected when the 
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deflection was materially reduced. This 
resistance was measured by pulling a 
train along, span after span, by one end 
of a rope passing over a pulley on the 
leading truck, and having a weight hang- 
ing vertically from the other end of the 
rope ; the weight thus limited the pull. 
This pull differs extremely little as the 
train moves along, for when one part of 
the train is descending the curve the 
other part is ascending. It should be 
noted that during this experiment no 
special care had been taken to oil the 
bearings, and I have no doubt this pull 
can be materially reduced. 

I have ventured to dwell at some 
length on the mechanical problems in- 
volved in this form of telpherage, because 
the experiments made so far have chiefly 
borne on questions of mechanics. The, 
makers of dynamos can put at our dis- 
posal apparatus which will generate day 
after day, with perfect certainty and regu- 
larity, currents of electricity such as will 
transmit the horse-power generated by 
powerful steam-engines. ‘These makers 
have already solved the chief electrical 
problems which present themselves in 
connection with telpher lines. They can 
give us at will constant current or con 
stant electromotive force, high or low, as 
we may chose. They are now able td ar- 
range their apparatus so that any num- 
ber of incandescent lamps may be turned | 
off or on, without disturbing the regu- 
larity with which other lamps are sup- 
plied, and by the same arrangement we 
are enabled to start or stop any number | 
of telpher trains without disturbing the 
running of others. The electrical prob- 
lems of the telpher line and those of 
electric lighting run in absolutely paral- 
lel lines. 

The electric motor, although it may be 
termed a mere inversion of the dynamo, 
has not as yet been brought to equal per- 
fection, but month by month improved 
designs, proportions, and materials are 
being introduced, and the result already 
attained is sufficient for our purpose. It 
is all the more encouraging to feel that 
these results wiil certainly be surpassed, 
and far surpassed in the immediate fu- 
ture. 

The following short summary of the 
problem of the transmission of power by 
means of electricity, may interest those 
who have not studied the subject. There 


rent is equal to 


are three steps in this transmission—Ist, 
we convert mechanical power into elec- 
tricity by means of a dynamo; in doing 
so we incur a loss of from 10 to 20 per 
cent. ; 2d, this electricity, in flowing along 
a conductor, generates heat, representing 
a further loss, analogous to that result- 
ing from friction in mechanical gearing. 
This loss, depending on the distance of 
transmission, the size of the conductor, 
and the electromotive force employed, is 
easily computed. 3d, we re-convert the 
electricity into mechanical power by 
means of an inverted dynamo, which we 
term an electric motor. With motors in 
which large weights of iron and copper 
are employed, the loss in re-conversion 
need not exceed 20 per cent., but with 


l'zbt motors, weighing from 70 lbs. to 100 


Ibs. per horse-power, such as we must em- 
ploy in the locomotives, I could not un- 
dertake with certainty at this moment to 
effect the re-conversion without a waste 
of one-half. The effect of all these 
sources of loss is, that at the stationary 
engine I must exert about 3 horse-power 
for every single horse-power which is em- 
ployed usefully on the line. I look for- 
ward confidently to the time when 2 
horse-power at the engine will be suffi- 
cient to give 1 horse-power to the mo- 
tor. 


To put these conclusions in a more 
scientific form, I may assume the effi- 
ciency of my dynamo as 80 per cent., that 


of my small motor as 50 per cent. The 
waste by heat expressed as horse-power 
745 where C is current in 
amperes, and R the resistance in ohms. 
The horse-power represented by the cur- 


is equal to 


where E is the elec- 


745 
tromotive force in volts, and C the current 
in amperes. It follows from the last ex- 
pression that I may increase the horse- 
power in three ways, by increasing either 
E or C, or both. If I increase E, leaving 
C the same, I do not increase the loss 
during transmission along the line, no 
matter what horse-power the given line 
may transmit. A practical limit is set to 
the application of this law by the diffi- 
culty met with in dealing with electro- 
motive forces above 2,000 volts. Marcel 
Deprez, taking advantage of this law— 
first pointed out by Sir William Thomson 
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—has transmitted seven or eight borse- 
power over seven or eight miles, through 
an ordinary telegraph wire, and he ob- 
tained a useful duty of 63 per cent., tak- 
ing into account all the three sources of 
loss which I have enumerated. With 
small motors I cannot yet promise a re- 
sult so good as this, and I merely men- 
tion it to let you understand that, in 
speaking of 3 horse-power for one at the 
locomotive, I am leaving a very ample 
margin. 

Quitting generalities, I will give some 


‘load of 15 hundredweight. In a day of 8 
| hours the line will have cunveyed a traffic 
|which we may express as 600 ton-miles— 
|é.e., it will be equivalent to 600 tons con- 
veyed 1 mile, or 60 tons on each line con- 
veyed from end to end daily. If we 
count 300 working days in the year, the 
‘sum of £455 gives £1 10s. 4d. per diem, 
and the 600th part of this is about 0.604 
of a penny, as the cost of the power re- 
quired to carry a ton one mile. 

| In Great Britain we ought easily to be 
able to reduce this below a halfpenny per 





details as to the electrical and other con- | ton per mile, which proves that the appar- 
ditions necessary, in two examples, for | ent great waste, even of two-thirds of the 
what may be considered as typical telpher | power in transmission, does not involve 
lines :— |prohibitory expense. In calculating the 

First Line.—WLUength, five miles. | whole cost of transport, we must further 
Length of circuit, out and in, ten miles. | take into consideration the cost of the in- 
Tweuty five trains running at once, spaced stallation. Taking the spans at 70 ft., I 
one-fifth of a mile apart; speed, four | estimate this cost as follows :— 
miles per hour. Let each require 1 horse- | Lise £3 , 

- ine £500 per mile 

power on average; let the motor take Engine, boiler, and shed, at 
on the average two ampéres of electric | £20 per indicated H. P 


current; let the electromotive force near| |§ Dynamo and fittings.......... 
the stationary engine be 840 volts; the) 
electromotive force at the end of five| 
miles will be about 746 volts. The total | Allowing 12} per cent. for interest and 
current entering the line will be fifty am- | depreciation, this represents an annual 


Twenty-five trains 
Contingencies 


péres at the near end of the line. Fifty am- | cost of £1,000. Allowing £100 as the 
péres and 840 volts represent 56.5 horse- | salary of an electrician or young engineer, 
power; of this, 6.5 horse-power will be | and adding £455 the cost of the power, 
wasted in heating the line; the remaining | this gives a total annual expenditure of 
50 horse-power will do work in the motors £1,555 for a daily duty of 600 ton-miles. 
equivalent to 25 horse-power. In order to | If we continue to assume the year as con- 
give this current of fifty ampéres with 840 | taining 300 working days, the total cost 
volts, the stationary engine will require |of conveying one ton one mile will be 
to exert 1 X56.5 horse-power, or roughly, found equal to 2.07d. If goods are to 
70 indicated horse-power, or somewhat be transmitted for long distances, the 
less than three times the useful horse-|same calculation applies. We should 
power. Let us now examine the econom-|simply have stations ten miles apart, 
ical results to be obtained from such a| working lines five miles long on each side 
line as this. Mr. Dowson, in an inter-|of them. This, then, is the practical out- 
esting comparison between the cost of | come of the general principles stated at 
horse-power obtained from coal and gas, | the beginning of this paper. We may 
reckoned the cost per horse-power for a | expect with great confidence that it will 
100 horse-power engine, at the rate of pay investors to convey goods for any 
£3 6s. 9d. per annum, to include wages, | distance at the rate of 2d. per ton per 
coal, oil and depreciation. Mr. Dowson mile, by the agency of the suspended 
would naturally be led to put the cost of | telpher line. 
steam power obtained from coal rather; Matters are somewhat modified when 
high than low. I will, however, adopt a the traffic issmaller. Making similar cal- 
very much higher figure, and assume that | culations for a line one mile long instead of 
the power may cost as much as £6 10s. | five, with only four trains running at once, 
per horse power per annum; this gives |we might employ an electromotive force 
£455 as the cost of the 70 horse-power | as low as 100 volts; the loss by heating 
required for my telpher line. would be insignificant ; we should require 
Let the 25 trains each convey a useful | about 12 horse-power; the work done in 
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8 hours would be 96 ton-miles. I esti- | have in telpher lines a means of convey- 
mate the cost of installation at £1,600, |ing goods in an economical manner, by 
and the annual cost of working £344, | lines, locomotives, trucks, dynamos, and 
without the annual salary of an elec-| motors, which have undergone their pre- 
trician. This corresponds to 2.875d.,| liminary trials with success, and can be 
or less than 3d. per ton per mile. One/at once applied to the more searching 
very important feature in respect to the ‘test of performing work for the public. 
cost of telpher lines is the fact that the| If I have established this fact, I think 
larger part of that cost is due to plant, you will have no difficulty in believing 
such as locomotives, trains, and dynamos. that the subsidiary electrical problems 
This plant can be increased in proportion | have been, or will be, readily solved. I 
to the work required ; thus there is a very hope that at a future period these will be 
moderate increase of cost in the rate per| brought before you in detail on many oc- 
ton per mile for asmall traffic as compared | casions by many men. 
with a large one, and, on the other hand,| In conclusion I will enumerate some of 
a line laid down for a small traffic will | the uses to which telpher lines may be put. 
accommodate a much larger traffic with|They will convey goods, such as grain, 
no fresh outlay on the line itself. coals, and all kinds of minerals, gravel, 
There are numerous minor electrical | sand, meat, fish, salt, manure, fruit, vege- 
problems involved, but time does not per-| table ; in fact, all goods which can be di- 
mit me to enter into the consideration of | vided conveniently into parcels of two or 
these to-night. It willbe sufficient for elec-| three hundredweight. If it were neces- 
tricians when I say that I see my way to gov-| sary, I should feel no hesitation in design- 


erning, blocking, and breaking the trains, 
without ever interrupting the current 
used to work the motor, except between 
the line and rolling whcels. We already 


know that the interruption at this point, 
although accompanied by a spark, does no 


injury whatever. I have often been asked 
whether the frequent reversals involved 
in the cross-over system do not tend either 
to injure the dynamo or the motor. I made 
special experiments on this very point 
lately with a compound-wound Crompton 
dynamo and Mr. Reckenzaun’s motor with 
thirty-six coils. Iwas unable at the com- 
mutator of the motor to detect the small- 
est change in the motion due to the most 
rapid reversal. At the dynamo commu- 
tator I could just see when the reversal 
occurred, but there was no change of a 
character to cause the smallest alarm. 
At the same time I may state that, when 
from any cause reversals may be thought 
undesirable, we are in possession of ap- 
paratus which we call “ step-overs,” which, 
without diminishing the simplicity of the 
permanent way, enable us to send a con- 
tinuous and unreversed current. These 
and similar electrical questions, such as 
the performance of Messrs. Ayrton and 
Perry’s excellent motors, might possibly 
have had greater interest for electricians 
than some of the mechanical details dis- 
cussed to-night; but I have felt that the 
main point to establish, in bringing this 
invention before the public, is that we 


‘ing lines to carry weights of 5 or 6 ewt. 
in each truck. The lines will carry even 
‘larger weights, when these, like planks or 
| poles, can be carried by suspension from 
several coupled trucks. The lines admit 
of steep inclines; they also admit of very 
sharp curves. Mere way leaves are re- 
quired for their establishment, since they 
do not interfere with the agricultural use 
‘of the ground. They could be established 
‘instead of piers, leading out tc sea, where 
they would load and unload ships. With 
special designs, they could even take 
goods from the hold of a ship and deliver 
them into any floor of a warehouse miles 
‘away. When established in countries 
| where no road exists, the line could bring 
‘up its own materials, as a railway does. 
| Moreover, wherever these lines are estab- 
lished, they will be so many sources of 
_ power, which can be tapped at any point, 
for the execution of work by the wayside. 
Circular saws, or agricultural imple- 
| ments, could be driven by wires connect- 
ed with the line, and this without stop- 
ping the traffic on the line itself. In fine, 
while I do not believe that the suspended 
'telpher lines will ever compete success- 
fully with railways, where the traffic is 
sufficient to pay a dividend on a large 
capital, I do believe that telpher lines 
will find a very extended use as feeders 
to railways in old countries, and as the 
cheapest mode of transport in new coun- 
tries. In presenting this view to you, I 
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rest my argument mainly on the cost of remembered that, in taking the cost of 
different modes of transport, which may, | cartage at 1s. per mile, the first cost and 
I believe, be stated approximately, as fol- | maintenance of the road is left wholly out 
Isws :— of account ; whereas, in my calculations 

Railway, 1d. per ton per mile;/ for the telpher line, allowance has been 
cartage, 1s. per ton per mile; telpher| made both for establishment and main. 
lines, 2d. per ton per mile; and let it be tenance. 





HARBORS AND DOCKS.* 
By E. SHERMAN GOULD, C. E. 


Reviewed for VAN NosTRAND’s MAGAZINE. 


Or books of the class to which the vol- | dealing its staggering blows against the 
ume before us belongs, it may be com- | free end of a breakwater, we but behold 
monly predicted, off-hand, that the latest | the physical embodiment of the invisible 
is the best. Harbor and dock engineer-| breath of the tempest, which, were its 
ing is so largely built upon observation, | destructive energy not stored up in the 
is so much an affair of “trial and error,” waves, would howl harmlessly around the 
and, as a science, is as yet in such an pier-head. From the chapter which 
early period of its development, that treats of the winds, we transcribe the 
that work which, from its late date, can |following valuable and simple formula, 
give the most complete record of success verified, it seems, by observation, which 
and failure in the various operations gives the pressure of the wind in pounds 
which it describes, must, in so far, be | on the square foot, expressed in terms of 
the most valuable one. ‘the velocity in miles per hour, thus: 

In the present volume Mr. Vernon- | Vv? 
Harcourt gives a very thorough and com- | —— =P 
prehensive review of the subjects enu-| 100 
merated on his title page. His method Passing to the subject of waves and 
of treatment is purely descriptive, and| wave motion, we find in Chapter II. these 
rather general, in its avoidance of detail. | matters treated from the point of view 
This was unavoidable if the whole of the | of their more striking generalities, and 
wide scope undertaken was to be brought ‘without the detail into which Monsieur 
within the limits of 650 pages, and prob-| Comoy enters in his “ Ztude pratique sur 
ably the work possesses a wider useful-| Js Marées fluviales” (see Vax Nostranv’s 
ness from this fact. It is certain that! Magazine, September, 1884), but. in a 
the guiding principles involved are| way which, to the general reader at least, 
brought into a clearer prominence by not will perhaps be more acceptable than a 
dwelling at length upon merely accessory | full mathematical investigation. We no- 
facts or details of construction. | tice here a tendency to question Mr. Rus- 

In the opening chapters the funda-|sell’s division of waves into those of os- 
mental data of marine engineering are cillation and translation. Mr. Harcourt 
presented, by a statement of the facts| says: “It is evident, however, that if 
concerning the winds, waves and tides.| great wind waves are waves of transla- 
The wind and the tide are the great) tion, the same must be true of the smaller 
causes of those violent wave agitations,| wind waves, though in a less degree. As 
which it is one of the objects of this| soon as it is admitted that wind may pro- 
branch of engineering to encounter and | duce some translating effect upon water, 
neutralize. Without the wind there’ the distinction between waves of transla- 
would be no waves; indeed, when we/|tion and oscillation cannot be main- 
witness the awful onset of the ocean, | tained.” 
= Harbors and Docks ; their Physical Features, His- As an instance of the marvelous power 
tory, Construction, Equipment and Maintenance. By of the sea, Mr. Harcourt mentions the 
Leveson Francis Vernon-Harcourt, M.A. Two vols. destruction of the free end of Wick 


, 


8vo, text and plans. Oxford, 1885. 
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breakwater during a storm in December, | 
1872. A mass of cement masonry of 
1,350 tons, about 45 feet wide, 21 feet 
high, and about 26 feet long, was on this 
occasion gradually turned around upon 
its base, and finally tilted bodily off its 
foundation. After reading this account 
we are relieved to learn that the Wick | 
breakwater is exceptionally exposed, ow- 
ing to a combination of tidal and other 
influences, the waves rising occasionally 
to the height of 42 feet, although the 
depth at low water is only 30 feet. 

We would call particular attention to} 
the long and very able Chapter III., in 
which tides, currents, and their effects 
are admirably treated upon. Indeed, we} 
should say that these subjects alone, of 
the theoretical ones touched upon in his | 
book, are examined by the author with 
some considerable degree of close investi- 
gation. 

These preliminaries being cleared away, 
the author enters upon a classification of | 
the various types of harbors, their forms | 
and characteristics. This part of the, 


waters of which had previously entered 
on the flood. These two systems are, 
that of parallel and that of converging 
jetties. 

Parallel jetties were the first to sug- 
gest themselves for the improvement of 
tidal harbors by deepening their bars, 
when a growing commerce caused larger 
and larger vessels to seek their docks. 
To a considerable extent the desired ef- 
fect was accomplished, but, says Mr. 
Harcourt, “ These jetties, however, when 


| projecting from a shore along which there 


existed a natural drift of sand or shingle, 
acted like groynes, and arresting the 
travel of material along the coast, pro- 
duced an advance of the foreshore, which 
eventually compromised the depth at the 
extremity of the jetty channel. This dif- 
ficulty was met by a periodical extension 
of the jetties, till at last, when the drift 
was considerable, the jetties extended a 
long distance in front of the port, as may 
be seen at the present day at Dunkirk.” 
One among the objections to parallel 
jetties is, that they impede the free en- 


work seems well done, and to be well) trance of the flood tide into the harbor, 
done must have cost much thought and | by forcing it to travel through a long and 
study, as those will admit who have ever | narrow channel, and thus diminish the 


attempted to reduce a great number of|amount of backwater available for ebb- 


facts and instances to a systematic order. | 
When well done, such classification is” of | 
itself an immense aid to the study of any 
subject. 

Next comes, in natural sequence, the 
consideration of the structures destined 
to improve or create the harbors thus de- 
scribed. 

The principles and classification of 
these structures being established, prac- 
tical applications are made by citing an 
exhaustive list of existing harbors—a 
sort of catalogue raisonée of some of the 
principal seaports of the world, in which 
the different harbor improvements men- 
tioned have been practiced, with their 
results. 

Rather than attempt even the briefest 
review of the whole of this most inter- 





esting and instructive portion of Mr. 
Harcourt’s book, it will serve a better 
purpose to dwell for a moment upon | 
some one or two leading types of harbor | 
improvements. We will select the com-| 
parison afforded by the two systems of 
jetties for the improvement of backwater 
harbors—that is, harbors largely kept| 
open by the scour of the ebb tide, the | 


tide scour. To avoid this the upper por- 
tions of the jetties have been built of 
open timber work, with partial success 
only, because not only was a large por- 
tion of the tide water still excluded, but 
also from the jetties not being tight, they 
allowed a considerable dispersion of the 
ebb tide, which, to be fully effective, 
should be confined to the channel it is 
wished to deepen. Sluicing basins have 
also been in some cases resorted to, but 
of course all such appliances are not only 
costly, but introduce an element of com- 
plication which it is always very desirable 
to avoid. On the other hand, solid con- 
verging jetties “provide a reservoir of 
tidal water close to the entrance, afford 
ample room for the reception of vessels 
or the working of dredgers, reduce the 
entering waves, also in some cases by be- 
ing kept low, allow the littoral current 
to pass over unchecked, and in every 
case, owing to their sloping course, pre- 
sent less obstacle to the regular flow of 
the current around the entrance.” 
Among other differences of the two 
systems is the width of opening. “In 
converging jetty harbors, a greater width 
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of entrance is generally given than in | concrete wall is occasioned not merely by 
the case of the parallel jetty harbors. | the cheapness of the materials, but also 
These harbors are of more recent origin, | by the facility of construction and the 
and consequently designed for a larger | saving of plant.” 

class of vessels; they also commonly ex-| We also quote the following: “The 
tend into deeper water, and are frequent- quay walls at New York, whilst built 
ly more exposed. In these cases the/upon a similar principle to those of 
width has to be a compromise between | Rouen, have a foundation of rubble stone 
conflicting conditions. The object of|in addition, as the piles in this instance 
these jetties is to secure a deep entrance; do not reach solid ground, and therefore 
if the entrance is made very wide, a bar|they have to be consolidated, and the 
is liable to form from the inefficiency of | base enlarged by a mound of stones. It 
tht scouring current; if the entrance is |is satisfactory to find that a stable quay 
very narrow it induces a rapid current, | wall can be built with only a moderate 
which, indeed, maintains the depth, but | amount of settlement on a bed of silt; 
is prejudicial to the entrance of vessels, | the success of the operation being due 
and a narrow passage is naturally object- partly to the adherence of the piles, part- 
ed to byseamen: . . . . . Charles-/ly to the consolidation of the silt around 
ton, the finest jetty harbor in the world, | the piles by the small cobble-stones, and 
is designed to have an entrance 2,000 feet partly to the broad base of the larger 
wide.” |rubble mound.” 

It is certainly gratifying to an Ameri-| The author naturally finds the quays of 
can engineer to record the above tribute New York deficient in appliances, such as 
to one of the boldest projects ever under-| traveling cranes, hydraulic power, and 
taken in harbor improvements. | the like, which are always found on the 








One of the most interesting descrip- He mentions the 
/use of compressed air in the working of 
| dock cranes, but while admitting that it 
‘is superior in some special cases, as at 
'Portsmouth, considers that hydraulic 
power is generally the best. 

| The remarks made upon dredging seem 
‘somewhat meager and scattering. We 
are rather surprised to find, in so com- 
plete. und general a compte rendu, no 
mention made of the excellent results ob- 
tained by General Gillman in dredging, 
while under way, with the centrifugal 
pump at Charleston, Savannah, and else- 
|where. We remark also that the author 
|seems to hold the scaphandre, or diving 
suit, in low estimation, as compared with 
| the diving bell (of which he mentions an 
improved variety) for submarine work. 
In his observations upon lighthouses and 


tions is that of the creation of a fine 
harbor at Cherbourg, one of the largest 
marine works ever undertaken, and 
which, commenced in 1783, was only com- 
pleted in 1853. There being no natural 
harbor of large dimensions suitable for a 
naval station on the southern coast of the 
English channel, the French engineers 
undertook to make one, by simply throw- 
ing an immense detached breakwater 
across the mouth of Cherbourg Bay, 
leaving an entrance east and west. This, 
after a long contest with many difficulties, 
was finally and triumphantly accom- 
plished. 

The chapters upon docks are perhaps 
less interesting to American engineers, 
from the fact that the small rise and fall 
of the tide in our harbors renders the 


| great European docks. 








use of docks, properly so-called, unnec- beacons we fail to find any mentign of 
essary. We extract the following re-| the advantage of range beacons in enter- 
marks upon the use of concrete in dock- ing or leaving ports. 

building, as they have a wider interest; A work based to so great an extent up- 
than this special application: “The ex- on facts and observation, leaves but little 
perience at Chatham shows that a good | opening for criticism, its merit or demerit 
concrete wall can be constructed with as | depending almost entirely upon the intel- 
small a proportion of cement as 1 in 12; | ligent classification and presentation of 
but unless very careful supervision is ex- | the collected material. In these respects 
ercised in the mixing of the concrete, it| we have nothing but praise to bestow 
would be safer to adopt a somewhat upon Mr. Harcourt’s volume. We find 
larger proportion of cement. .|in ita vast store of well-selected facts 
The economy effected by the use of a'and instances of marine engineering, 
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carefully ordered and arranged. Every 
type of harbor and of harbor improve- 
ment finds a place and abundant illustra- 
tion from existing works. The large 
mass of material necessarily involved, is 
so condensed and stripped of superfluous 
matter, that what would seem at first 
sight to be a superficial review, is found 
upon examination to contain all the cen- 
tral facts. The accompanying atlas of 
plates is exceedingly complete; in fact 
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everything mentioned in the text finds its 
graphic representation in the atlas. Were 
we disposed to find any objection to the 
plans of the different harbors, it would be 
that there was hardly enough of the terri- 
tory back of the actual sea front given, but 
such an addition, whileit would undoubt- 
edly add to the value of the illustrations, 
would greatly increase the size of the 
volume. All the sections of piers, break- 
waters, etc., are very good and complete. 








THE SEW AGE-DEPOSITING TANKS OF FRANKFORT-ON-THE- 
MAIN. 


By W. H. LINDLEY, M. Inst. C.E. 
From Abstracts of the Institution of Civil Engineers. 


Turse works are now in hand, and will| ure had been brought to bear upon the 
be completed in the early part of 1886.| municipal authorities, plans for dealing 
The sewerage-works, comprising a net-| with the sewage water were prepared so 
work of about 160,000 meters of sewers, | far back as 1876-77, but for various 
have been in execwtion since the year} reasons the matter remained in abeyance. 


1867, and are for the greater part com-|In fact, though constant negotiations 
plete. The subsidence-tanks form the | were in progress, it was not until October, 


completion of the outfall section of these | 1882, that the scheme was finally settled. 
works, and by the plan adopted two out-/It was decided to bring all the sewage- 
falls were needed, one on the right, the | water to the left bank for treatment, and 
other on the left bank of the river, dis-| to effect this the sewage is carried in two 
charging into the river main at some dis-| wrought-iron pipes, each 0.75 meter 
tance below the town. While the more! (2.46 feet) in diameter, laid as an in- 
costly outfalls were in progress, a tem-| verted siphon under the bed of the river. 
porary outlet was made use of at the | Each of these pipes can deliver 500 liters 
gasworks, and this now serves as a storm- | (110 gallons) of sewage per second. The 
overflow. At first the admission of the | extra pipe is added to provide for subse- 
water-closets was left an open question, | quent increase of population, as the one 


as the sewers were constructed to attain | pipe will suffice for the whole of the pres- 


a number of important results which 
could not be delayed till this question, 
then so largely debated on the Continent, 
was settled. Professor Pettenkofer, at 
that time opposed to the water-closet 
system, however, when called in, reported 
in this case in its favor, and the prohibi- 
tion was withdrawn. Owing to the rapid 
discharging power of the town sewers, 
the excrementitious matters and paper 
came down in considerable quantities in 
a very unchanged condition into the 
river, and occasioned nuisance, and steps 
had to be devised to screen out the 
grosser suspended matters from the 
sewage water. 

After many difficulties, caused by the 
landed proprietors, and after much press- 


‘ent flow, including a rainfall equivalent 
to the sewage in volume. For heavy 
rainfall, which might exceed the carrying- 
capacity of the siphon, a storm overflow 
is provided. The main outfall sewer is 
capable of discharging 2,700 liters (294.2 
gallons) per second, but it was consid- 
ered unnecessary to arrange for bringing 
all this volume across the river, as it 
would not have been feasible to construct 
tanks for so large a volume of rain-water, 
and it would have simply been turned 
into the river as storm-water. For the 
normal volume of sewage, the one pipe 
only is employed, the area of cross-sec- 
tion normally in use is thus reduced to 
one-half what it would bave been if one 
pipe of equivalent carrying power to the 
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two laid had been adopted; the normal | ing the most difficulty, has been concen- 
velocities have thus been about doubled, | trated at the lower end of the tanks to 
and this will, it is expected, be sufficient | which the sludge naturally gravitates. 
to scour out the siphon. Plans are given, | The dimension and inclination of the 
showing the arrangement of the tanks| main outfall-sewers, the arrangement of 
and works. The process to be employed | the sand-intercepting chambers, the bye- 
will comprise a system of mechanical | passes, overflows and storm-outlets, the 
purification, aided by chemical purifica-|mode of admitting the water into the 
tion. It is thought expedient to remove | tanks, of passing off the clarified effluent, 
first from the sewage such substances as | draining the sludge of a maximum amount 
can be separated by simply mechanical) of its water, and finally drawing off the 
appliances. These impurities consist of sludge, are fully described. The four 
floating bodies, coarser suspended) tanks are each 82.4 meters (270.3 feet) 
matters, and the heavier substances|longx6.0 meters (19.68 feet) broad. 
which sink to the bottom. The precipi- ‘the bottom is formed of an inverted 
tants to be subsequently employed are brick arch, and falls 1 meter in the direc- 
sulphate of alumina, and lime. As is|tion of its length; the depth of the 
well known, the acid in the former sub-| water in the tanks being 2 meters at the 
stance combines with the alkaline matters | inlet and 3 meters at the outlet end. 
in the sewage, and sets free the alumina, | Each tank has a normal capacity of 1,100 
as a bulky flocculent precipitate, which, | cubic meters (242.106.7 gallons), and is 
by its affinity for organic substances, en-| calculated to receive from 4,000 to 5,000 
tangles them and carries them down. cubic meters daily, under average condi- 
As sufficient alkalies are not present in| tions of flow. The contents are thus 
the sewage to liberate the whole of the| about 25 per cent. of the whole quantity 
alumina, a certain proportion of lime has | to be treated ; the corresponding propor- 
to be added. The advantages of this tions at the following English towns, by 
treatment are set forth. The plan of| which the Author was guided, being— 
tanks adopted will not be carried out at Leeds, 224 per cent.; Coventry, 30 per 
present in its entirety, but will provide|cent.; Aylesbury, 26 per cent.; and 
for future extensions. The whole scheme | Burnley, 16 per cent. The total average 
comprises twelve parallel tanks, of which| daily volume of sewage water to be 
only four are now in progress of execu-| treated at the present time amounts to 
tion. |18,000 cubic meters (about 3,961,746 

The chief point to be considered in re-| gallons). The average velocity of the 
spect to the construction of the covered |sewage-water in passing through the 
tanks was whether they should be above! tanks is 4 millimeters per second (about 
ground or sunk, i. e. high-level or low-| 0.786 foot per minute). Itis intended to 
level. The former plan would involve|empty each tank weekly. Full particu- 
continuous pumping to a height of from lars are given concerning the machinery 
5 to6 meters. By adopting the alterna-| for pumping and preparing the precipi- 
tive arrangement of low-level reservoirs, | tants, the stores (which will contain 200 
it is possible, without any pumping, to) tons of sulphate of alumina and 180 tons 
pass the sewage into them by gravita-|of lime), as also the proposed plan of 


tion, and to discharge the clarified effluent 
into the river on an average of three 
hundred days in the year. Only on forty- 
seven days in each year does the river 
rise to such a level as to involve partial 
pumping of the contents; and only on 
about one day in three years is the river 
so much in flood as to render the use of 
storm overflows necessary for the whole 
of the sewage. The extra cost of sunk 
tanks would be compensated for by the 
avoidance of pumping. The machinery 
for pumping and treating the sludge, 
which is the part of the process present- 


dealing with the sludge and detritus, and 
the general method of carrying on the 


works. 
——-- e —__ 


r 110-ron Gun.—The English government 

have ordered three 110-ton guns, and of 
these one is to be delivered in October next, 
another in January, and the third in April, 





| 1886. The price per gun is £19,500; the 
| weight of the projectile is 1,800 lbs. ; the charge 
|is 900 Ibs. of cocoa powder; the muzzle velocity 
|}is 2,020 ft. per second; the maximum powder 
pressure is 17 tons per square inch. The ve- 
locity and pressure are, of course, only esti- 
mated, although they are based on the experi- 
| ence gained with the Italian guns. 
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EXPLORATION—AND THE BE 


ST OUTFIT FOR SUCH WORK. 


By Masor-GENERAL THE Hon. W. FIELDING. 
From the ‘Journal of the Society of Arts.” 


I ruinx it best to preface this paper | 
with the Latin expression, Quot homines 
tot sententi, which may be very freely 
translated—a tot of men afford a quart 
measure of opinions. But, seriously 
speaking, it would be quite absurd for 
any one individual at any one period of 
the world’s existence to attempt to lay 
down the law as to how explorations 
should be carried out. 

The most that I can attempt to do is 
to speak in general terms on the whole 
subject, using such knowledge as I have 
gained during my own travels in various 
quarters of this globe. In order to treat 
the subject as exhaustively as the limit of 
time at our disposal will admit, it will be 
well to divide it under two headings. 

1. On exploration generally, and the 
manner in which the subject should be 
considered. 


2. On the outfits recommended for use | 
by explorers under varying circumstances. | 


The first heading we must again subdi- 
vide into—(a.) Scientific explorations. 
(6.) Commercial and geographical. (c.) 
Military. (d.) Explorations arising purely 
out of a love of adventure. 


Now, scientific explorations differ or 


vary exceedingly in their intention and 
their scope. ‘Their scope depends again 
upon their intention, and their duration 
depends upon both these. For instance, 
botanical explorations may have for their 
aim a new genus, a new species, or a 
new variety only of some species. The 
scope of such exploration may embrace 


one or more islands in the Pacific Ocean, | 


or the whole of the interior of some unex- 


plored continent such as New Guinea. | 


The duration must depend upon :—(1.) 


The means of transport to the primary | 


base of operations. (2.) The means of 
locomotion over the whole or the various 
portions of the country to be explored. 
(3.) The physical difficulties to be en- 
countered from man, and from natural 
obstacles. (4.) The financial means 
available in this conflict with the difficul- 
ties, foreseen and unforeseen, of explora- 
tion. 
Vou. XXXII.—No. 5—26 


There is much truth in the old saw 
“money makes the mare to go,” and with 
plenty of money many of the difficulties 
of exploration are greatly lessened; yet 
I would here impress on you that plenty 
of money may be a source of serious 
trouble, and of much worry to the unex- 
perienced explorer. He is tempted to 
buy everything he is likely to want, and 
so encumbers himself with an amount of 
baggage which he finds it impossible to 
transport from his base, and from which 
he finds it most difficult to make a selec- 
tion. 

It would be useless to mention in de- 
tail to a general audience the various 
instruments, appliances, and chemicals, 
which should be taken by the explorers 
in search of botanical, horticultural, 
geological, mineral, or zoological speci- 
mens. Specialists have each their indi- 
vidual special outfit, suitable for the pur- 
poses they have in view. 

There are, however, certain articles of 
outfit which are necessary to every ex- 
plorer of uncivilized, of partially or totally 
unexplored countries, their quality and 
quantity must vary with the nature, 
scope, and duration of the work to be 
done. 

Most of the researches enumerated 
above necessitate either slow progress 
through a country, or a lengthened stay 
in various selected districts best suited 
for the operations of the specimen 
hunters. An explorer, bent on com- 
mercial or geographical discoveries, natu- 
rally contemplates travel over long dis- 
tances, and, generally speaking, with less 
physical and fewer natural obstacles to 
be overcome in proportion to the distance 
to be traversed. On the other hand, 
however, he generally has to travel, and 
indeed to live, in a continual state of pre- 
paration for defence. 

The military explorer must again work 
on different lines. His business is to 
seek information in countries occupied by 
a hostile population, with whom, how- 
ever, his nation is not necessarily at war. 
‘He must travel unostentatiously, almost 
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alone, and must avoid all hostile contact 
with the inhabitants. Such were Colonel 
Burnaby, when he went to Khiva, and 
Captain Gill, during his explorations 
along the Persian frontier, and his subse- 
quent travels in the interior of Northern 
China. The explorations for purely 
sporting purposes, or arising from an 
innate love of adventure, require consid- 
eration equally careful, and knowledge 
seldom acquired otherwise than by per- 
sonal experience. 

For our purpose it will be sufficient for 
us to divide our inquiries into two differ- 
ent channels. To facilitate and to narrow 
the question, we will decide that the ex- 
ploration is to be partly geographical, 
and so far scientific that the explorer has 
to report in general terms on the 
geological and mineral resources of the 
country to be traversed. There are no 
roads, but little timber, and that sparsely 
scattered, except near water, of which the 
quantity is small, and the quality always 
questionable and often bad. The rivers 
in drought do not exist except as chains 
of muddy ponds, whilst in flood they be- 
come impassable for weeks, and overflow 
their banks often to the extent of from 
three to fifteen miles on either side. In 
such a country game would be scarce, and 
could not be depended upon as the only 
source of animal food to the explorers. 
The above data are sufficiently explicit 
and sufficiently difficult to meet almost 
every case. 

We must now come to consider the 
manner in which an exploration of such a 
nature is to be carried out. 

1. Would it be possible to establish 
some one or more subsidiary bases of 
operations. If the reply be in the affirma- 
tive, then comes the questions—(a) 
Where shall they be? (4) What shall be 
stored there? (c) How shall these be 
conveyed thither ? 

Now the answers to these questions 
must depend upon the nature of the ex- 
ploration i. ¢., if the intention be to re- 
turn to the place of starting, or to trav- 
erse a continent from sea to sea. - 

2. What is the nature of the transport 
to be? If wagons, are they to be light 
(though strong), many in number, and of 
different sizes, or are they to be few in 
number, heavy and solid in construction? 
How are they to be drawn—by oxen, by 
horses, or by mules? If wheeled trans- 





port be out of the question, what are the 
pack animals to be, camels, horses, or 
mules, or some of each of these animals? 

Each and every one of these questions 
has to be carefully considered, because on 
the solution of one question so many 
others must depend. It may be well 
here to enumerate some of the chief cir- 
cumstances which tend to govern the 
choice of transport. 

1. Nature of the soil generally. If the 
country to be traversed be very broken 
in character, covered with thick forests, 
and known to be traversed by sluggish 
streams with deep slimy banks and 
bottoms, it is clear that wheeled trans. 
port, unless of a very special character, 
would not be suitable. Neither would 
such a country be practicable for camel 
transport; and yet there can be no 
doubt but that more stores can be easily 
carried on wheels, and by camels, than 
any other way by land. There are, how- 
ever, very few countries in which explora- 
tion with wheeled transport may not be 
carried out, provided time be no object, 
and plenty of patience and perseverance 
be available. This brings us to the con- 
sideration of the general outfit of an ex- 
ploring party. 

1. As to stores. 

2. As to the mode of transporting 
them. 

3. As to the construction of the 
wagons, the pack-saddles, harness, Xc. 

4. As to the mode of packing them 
and storing them. 

1. As to the stores. These must be 
sub-divided under the headings of (qa), 
provisions for the mouth ; (6), materials 
for obtaining food, or for offence and de- 
fence ; (c), materials for facilitating the 
locomotion. 

In the choice of provisions, care must 
be taken to select such articles as are 
wholesome, nourishing, small in bulk, and 
not liable to deteriorate by keeping. 
There must also be variety, so as to pro- 
mote health, and a proper proportion of 
such articles of consumption as would 
diminish the risk of scurvy. 

Of meat the best sort is preserved beef 
in tins. There is very little to choose 
between that preserved in Australia and 
that preserved in America, north and 
south. The tins should not be too large, 
and they should be rectangular and not 
cylindrical in shape. Essence of Beef 
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(Brand’s or Liebig’s, in tins or in skins) jally speaking, the after treatment of 


is a most valuable form of meat. 


Flour | water. 


As a general rule, the only water 


and oatmeal should be packed in block! which can be drunk with safety, without 
tin boxes, of various sizes, containing |fear of evil consequences, is that which 
from 1 Ib. to 4 Ibs. each. Sugar should! springs directly out of the ground, from 


be cane sugar, powdered, and packed in 

Ib. rectangular canisters. Tea—the 
best for the purpose is Goundry’s com- 
pressed tea; it is manufactured in tablets 
of + Ib. in weight, and subdivided like 
chocolate tablets, into eight portions, one 
of which is ample for tea for three or four 
people. Being wrapped in lead paper, it 
stands any climate, and I have known it 
to keep good for five years. Salt should 
be kept in stone or thick glass jars, with 
screw or cork-lined stoppers. Lard 
should always be taken, and should be 
kept in stone jars, capable of being 
rendered air-tight. There is an excellent 
form of compressed and dried vegetable 
tablet manufactured in France ; and there 
is also a preparation of dried potato, in 

owder. No expedition should be with- 
out these to keep off scurvy, that terrible 
scourge and bugbear of all explorers. 
Ginger, peppers, red and black, should 
be carried in thick glass pickle bottles, 
with air-tight glass stoppers, edged with 
cork. Brandy for medicinal purposes 
should be carried in small wooden kegs, 
covered with thick felt, and with a locked 
covering to their bungs. A provision of 
lime juice should be similarly carried in 
kegs of different sizes. There should be 
several spare kegs of the same descrip- 
tion, kept constantly filled with fresh 
water. In addition to this provision of 
water, each animal should have a canvas 
water-bag slung by a strap round his 
neck. These bags keep the water cool, 
and each should have the neck of an old 
soda water bottle sewn into the orifice 
used for filling it; the vessel can thus 
be easily used, without detaching it from 
the animal carrying it. Water-bags on 
the same principle, only much larger, are 
made of well-seasoned leather, and are 
slung by straps and iron rings on toa 
pack-saddle. At first the water has a 
nasty flavor; but the bags soon cease to 
affect the taste of the water, and are 
indispensable on long waterless marches 
in a hot climate. 

Whilst on the subject of water, it may, 
perhaps, not be out of place to impress 
upon you the necessity in observing the 
greatest care in the selection, and, gener- 





rocks, or which is obtained from a per- 
manent running stream, the bed of which 
is not muddy, and on the banks of which 
there is not an exuberant vegetation. 
Even in the case of water issuing from 
rocks, care must be taken to avoid water 
issuing from copper or lead-bearing rocks. 
In these cases a small quantity of sul- 
phurie acid would at once detect the 
presence of the mineral in dangerous 
quantities, as the water would become 
discolored. 

In most countries subject to drought, 
the water requires special treatment; me- 
chanical filtration is seldom practicable, 
or even safe. I have come across it as 
thick as pea soup, and sometimes covered 
with a growth of green or red weeds. In 
such cases, the first operation is that of 
skimming with a skimmer made out of a 
forked stick, with a pocket handkerchief 
or other piece of linen stretched tightly 
between the forks. This done, scatter a 
pinch of powdered alum into the vessel 
in which you have collected the skimmed 
water; this will cause a great deal of the 
matter in suspension to precipitate. 
Then pour the water slowly into a filter 
filled with the charcoal of your last 
night’s camp fire, mixed with any sand 
or fine gravel which may be obtainable, 
and which you have previously washed. 
It must then be boiled, and skimmed 
whilst simmering, and only when no 
more scum arises on the water is it really 
fit or safe to use. It is a good plan 
always to fill the kettle—or, still better, 
the cooking pot—with water the last 
thing at night, and put it at the edge of 
the camp fire to simmer (not to boil), and 
always to fill up the water kegs and 
bottles from what is left over from each 
morning’s cooking. Itis alsoa good rule 
never to drink plain cold water in the 
tropics. Each man should carry in his 
pocket half a handful of oatmeal, and put 
a pinch into his pannikin of water when 
he fills it for drinking. 

I once traveled 1,400 miles across a 
portion of the center of Australia, and 
began my journey after a drought which 
had then lasted eighteen months, and 
which only broke up the day I reached 
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the sea coast. It was only by the strict | Four pair of thick knitted woolen ae 
enforcement of these precautions that stockings. Two cholera belts, one of 
(under Providence) I never had a case of | knitted worsted, the other of flannel about 
illness from fever or from dysentery. | a quarter of a yard wide and three yards 
Personally, I always carried in my pocket | in length, to be wound round the body or 
a few “thirst lozenges,” which are, I be-| fastened with a safety brooch. Six silk 
lieve, nothing except a compressed form | pocket-handkerchiefs (white), and of the 
of Lamplough’s Pyretic Saline. ‘thickest and best quality. They are 
Before closing the enumeration of the useful sometimes when traveling in the 
provisions de bouche, it is well to add a very early morning, to serve as a curtain 
list of the medicines and surgical instru- against the sun’s rays, which often at 
ments necessary to every expedition :— | that hour strike with great force on the 
Rhubarb, essence of ginger; about 100 nape or side of the neck under the hat. 
pills of colocynth and henbane; about A Norfolk jacket of good woolen serge or 
double the quantity of quinine pills, made light tweed, made double-breasted, so as 
up in small doses of three grains each; to be worn either open with the lappels 
some opium pills; a couple of bottles of buttoned back, or buttoned across double 
Dover's powders; four bottles of sweet| over the chest and stomach. It should 
spirits of nitre; about 100 pills of po-| be made like a garment known by miners 
dophyllin in small doses; camphor, and | as a jumper, not cut in at the waist, but 
chlorodyne. Two lancets, two abscess | merely kept in at the waist by a belt. 
knives, two catheters, two enemas ; some This belt should be made of two pieces of 
surgical needles, and some silver wire | soft leather, about 2} inches wide, and 
thread for sewing wounds; a silver | stitched together at the edges so as to 
probe, and two vein or artery ‘forceps ; ; aj/admit of dollars or other coins being 
syringe with various nozzles for various | ‘kept i in the belt and slipped in at either 
uses. Sticking-plaster of various sorts, | end, and prevented from falling out by a 
and some prepared lint and medicated | flap and button at each end. 





wool; and some vaseline, carbolic acid, | If a sword has to be carried, it is best 


and carbolic soap. All the medicines! carried fastened on to the side of the 
should be in glass-stoppered bottles, the | cantle of the saddle by a round strap and 
stoppers having been lubricated with/ button of leather. If a revolver has to be 
pure glycerine previous to insertion. | | worn, it is best carried in a frog sup- 
The medicines, &c., should be divided | ported by a webbing belt over the right 
into at least three portions, so that each | shoulder, which should be kept in its 
wagon, or each detached party, should | place by the waistbelt. 
have a complete set of everything. There | The best hats are of gray felt, of a 
is no greater mistake than to have every-| helmet shape, with means for ventilation 
thing in one medicine chest. All boxes round the edge and at the top. They 
should be avoided, as in a very damp or should be provided with a chin strap, to 
a very dry climate boxes are apt to come | ‘be worn when riding fast or against a 
to pieces with the rough handling that | (strong wind. The best boots are those 
every package gets at the hands of those | known as the Paliser boot. They reach 
who often have to do the packing and un- | | nearly to the knee, and are laced up for 
packing of animals two or three times about six inches from. below the instep, 
each day. 'so that the boot can be always easily got 
Clothing.—Take as little as possible | on and off, whilst remaining watertight. 
when starting from England, as you can I prefer those made of porpoise hide to 
get most articles necessary for explorers | | any other, as they are lighter and more 
at the place from which the wagons! supple in wear. 
would make their start. Of personal Dogskin driving gloves should always 
attire, the following are those which I be taken, as their use prevents sun boils, 
consider sufficient for most expeditions :— | blisters, and many sores arising from 
Four shirts made of grey flannel, with thorns, &c., on a journey. Breeches 
two buttons on each wristband, to ‘admit | should be made very loose, except just 
of them being worn loose or tight. Four | below the knee, where they should be 
long merino drawers, double seated and | fastened with a buckle and strap, or 
double down the inside of the thighs. |tied with thongs of porpoise hide. A 
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hunting whip with a hammer handle and 
a long brown leather lash is always 
useful, and is a necessity where there are 
many spare horses to be driven along 
with the party. 

Camp Necessaries.—India-rubber buck- 
ets, two to each wagon, should always 
be carried, to be used for watering the 
horses whilst in harness. Palkee ham- 
mocks, made of waterproofed canvas, are 
the best and most portable form of bed- 
stead, and it is always unadvisable to 
sleep on the level of the ground. The 
blankets should be loosely sewn together 
round three sides so as to form bags. 
This plan saves many a sleepless night. 
Moreover, it keeps snakes from getting 
in between the blankets. A waterproof 
sheet, with eyes round the edges, is most 
useful, as when thrown over the ridge 
pole of the hammock it can be lashed to 
the sides of the hammock, and serve as 
a complete shelter even in the heaviest 
storms of rain and wind. A light folding 
chair, or if this be too large, a beach seat 
with a back, is a great luxury, and is 
almost a necessity in wet ground. 

We have now to consider the selection 
of such materials as are necessary to se- 
cure supplies of fresh provisions to pro- 
tect life. First and foremost are guns. 
These should be breech-loaders of the 
simplest possible construction, and of 12 
bore. Each gun should be provided with 
20 steel cartridges. These are really 
indestructible, and are very easily re- 
loaded and recapped; and having a 
female screw turned for a distance of an 
inch inside the cartridge, there is no 
difficulty in making the wads to keep in 
position. 

For ammunition, shot of all sizes 
should be taken, the larger slugs for use 
against man or large animals. Powder 
should be carried in two small copper 
magazines, each containing about 7 lbs. 
of powder in half-pound canisters, fitting 
into the outer cylindrical copper case. 
These canisters should have screw tops 
with leather washers to them. The can- 
isters should always be kept full so long 
as there is any powder in them. When 
a canister cannot be filled with powder, 
it should be filled up with cotton wool, 
rags, or even crumpled up soft paper. 
It must be remembered that any expedi- 
tion is liable to be reduced to pack ani- 
mals only, and then the attrition is so 





great that everything which can rub, soon 
gets rubbed to the finest dust. 

When it is known that there are rivers 
or lakes, it is well worth while to take a 
casting net, and even a small Seine net of 
strong tanned twine. A large provision 
of hooks and fishing lines of all sizes 
should always be taken, as they are not 
only useful in the obtaining of a change 
of diet, but are very valuable as an articie 
of barter with natives. 

For personal defence the best weapon 
is the largest sized Colt’s revolver, with a 
stock which can be used at the shoulder, 
and is detachable. When on horseback it 
is best carried in a bucket, like our cav- 
alry carry their carbines. A good one 
shoots with wonderful accuracy up to 
100 yards. A hunting knife, of a pattern 
of my own, I have found the best, as it is 
light, and yet strong enough to cut away 
a fairly large branch. ‘The sheath is of 
bamboo, and there is room in it for a 
knife and fork of steel, flat, with wooden 
handles screwed on each side of the 
shaft. The blade of the hunting knife is 
made light by having two deep grooves 
cut out of the thickness near the center 
of the blade, so that, whilst the blade is 
made lighter, it is also thereby rendered 
much stiffer. 

The only other stores which we have 
to review are those required in reference 
to locomotion—i. e¢, spare harness, 
leather, rivets, and copper wire for re- 
pairs, spare nuts, screws, iron clips, 
splinter bar caps; tools, such as augurs, 
center bits and braces, saws, files, chisels, 
screw wrenches, screw-drivers, gimlets, 
awls, sewing needles, wax and strong 
thread, felt for saddle cloths, roll of 
flannel for saddle linings, raw green hide, 
and skins of dried leather, half-inch iron 
rods, flat iron hooping for strengthening 
splicings, adzes, jack planes, spoke 
shaves, sharpening hones, files, punches, 
rasps, horse shoes, nails, and shoeing 
tools, felling and trimming axes, cross- 
cut saws, hand saws of three or four 
different sizes, from 3 ft. 6 in., to 15 in., 
clamps, light and heavy hammers, a few 
pairs of blacksmith’s pincers and tongs, 
a couple of good bellows (hand), and an 
assortment of nails, screws, copper and 
steel, D's, buckles of different sizes, and 
straps of various lengths and widths. 

Having enumerated the stores neces- 
sary to an expedition, the next thing to 
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be settled is the means of their trans- 
port. 

It is rare that the only transport avail- 
able is man, but yet in some tropical 
countries, covered with thick jungle, and 
where the ground is too rocky and 
broken even for mules, donkeys, or cattle, 
it is necessary to use men, and men only, 
for this purpose. Chinese and Japanese 





coolies will carry great weights balanced 
on two ends of a long bamboo cane, 
which rests on the shoulders. Some- 
times two men will carry a heavy package 
for weeks at a stretch, slung on a bamboo 
cane between them. In Africaand South | 
America, the natives prefer to carry 
heavy things on the top of the head. 
When packages are carried slung, the 
slings should be made of plaited ropes of 
green hide, kept well greased. Every-| 
thing else wears out almost immediately. | 
Every expeditionary force should be pro- 
vided with pack-saddles, and with the 
means of constructing them. Personally 
I prefer the sort in use by the Basque | 
population in the Pyrenees. It has the 
advantage of simplicity and cheapness of | 
construction, and of being easy to use 
and to repair. The best form of camel 
pack-saddle is the one used by the Arabs, 
who contract with pilgrims to and from 
Mecca. Numnahs of felt should always | 
be used, both with saddles and pack- 
saddles. If carefully adjusted, they admit 
of animals being kept in work with sore 
backs, should it be necessary. 

he best form of bridle for all animals 
are those made entirely of tanned twine | 
webbing. It is quite impossible to break 
them, and they are comfortable both to) 
the heads of the animals and to the hands | 
of the rider or driver. Besides this, they | 
do not become slippery in wet weather, 
neither do they require any care to keep 
them in working order, as leather does in | 
hot or dry climates. 

Hitherto, we have treated entirely of | 
man or of animal transport; but there | 
are very many countries where it is not | 
only possible, but very advisable, to adopt | 
wheeled transport. 

The class of wheeled transport must 
depend upon three conditions.—1. The | 
nature of the country to be traversed (1 | 
put roads as out of the question). 2. | 
The quantity of stores to be carried. 
3. The quantity and quality of the ani- 

mals available for its traction. 


| 


It is now almost an exploded idea that 
a wagon must of necessity be a heavy, 
cumbersome vehicle, with thickness and 
weight as the governing virtues of all its 
component parts. The Boers and others 
in South Africa still adhere to the old 
pattern, from habit and ignorance more 
than for any known reason. In America 
and in Australia, where the country is 
just as difficult to traverse, very much 
lighter vehicles are used with great 
success. 

It is well to have several sizes and 
types of vehicles in every expeditionary 
outfit. Two-wheeled carts, long and 


broad, with draught from the shafts and 
‘outriggers at the sides of the shaft, which 


would admit of its being drawn, if neces. 


‘sary, by three horses abreast; four- 


wheeled wagons, light and medium, 
with pole draught, with side springs, and 
india-rubber buffers on the axles, these 
latter being connected by a perch. All 
wagons and carts should have lever 
brakes, capable of being worked by hand 
and foot by the driver. There should 
also be iron skids, or shoes and chains to 
be used if required, in addition to, or to 


‘replace the brake. The chief things to 


be borne in mind in the construction of 
vehicles for expeditionary transport are— 

1. Great simplicity of construction. 

2. As few parts as possible. 

3. Screw clips should be used in pref- 
erence to bolts and nuts, inasmuch as 
every bolt weakens the wood traversed 
by it, in proportion to the diameter of 
the bolt. 

4. All parts should be made of such 


‘shapes that they can be readily copied 


and replaced by an unskilled workman. 
5. The wood should be perfectly sea- 


'soned, neither so dry as to diminish its 
toughness, nor too full of natural moist- 


ure or sap, and no iron should be used 
except where absolutely incapable of 
being broken, or where the use of wood 
would be incompatible with strength and 
endurance. It may, however. be used 
where, in the event of its breaking, it 
‘could be easily replaced by wood. 

6. The height of the axles from the 
ground should be the same, and not less 
than two feet. It is seldom that a 
wagon has to be turned at a very acute 
angle, therefore no great amount of 
“lock” is necessary. When making a 
track through a forest, much time and 
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labor are saved by cutting the trees off| sort in ordinary use. It is that known as 
at about two feet from the ground, as| the Madras pattern, and the invention is 
they are not nearly so large in girth at | claimed by an American named Sarven. 
that height, and it is less fatiguing to the | The spokes fit round an iron stock, and 
men felling them with cross-cut saws or | are kept in position by two circular 
axes. | plates, bolted from outside to inside the 

7. The various parts of each wagon,| wheel. This would admit of a broken or ° 
excepting the bodies, should be inter-| damaged spoke being easily replaced, or 
changeable, so that in the event of a| they could be wedged up from the center 
complete breakdown, the unbroken por-| by the insertion of thin bits of iron, tin, 
tions of the disabled wagon could be|or some hard substance, between the 
utilized in the repairs of others. This|inner end of the spoke and the stock. 
is very essential, as tending greatly to| Another difficulty arises from the diffi- 


the reduction in the quantity of spare 
stores. 

We may, therefore, proceed to consider 
the construction of a wagon under the 
following heads :— 

1. The under carriage, including the 
wheels. 

2. The mode of traction. 

3. The body (including the tilt where 
necessary). 

4. The means for suspension of the 
body. 

As stated under paragraphs 6 and 7 
above, the parts should be interchange- 


able, and the axles should not be less! 


than 2 ft. from the ground. It follows, 
therefore, that the wheels should be of 
the sume diameter, and not less than 4 
ft. 2 in. 

One of the great troubles in all ex- 
plorations, especially in very hot and dry 
climates, is the difficulty experienced in 
keeping the wheels in working order. 
The spokes shrink, and unless this is 
immediately found out and remedied, 
by calking the gaps left in the wheel 
stock and felloes with white lead and 
cotton waste, or with oakum, wet gets in, 
and the end of the spoke soon rots away. 
The slightest sign of looseness anywhere 
in the wheel must be at once attended to 
and remedied; green hide (cut in strips 
half an inch wide) wound in and out the 
spokes near the stock, greatly strengthens 
a wheel of which the parts have begun to 
shrink. In some very dry climates, no 
wheel of ordinary construction will stand. 
On one of my expeditions I had each 
night to take off all the wheels and lay 
them in water till daylight, in order to 


/culty of keeping the tires on. In Eng- 
|land, it is easy enough to remedy the 
| tendency which all tires have to lengthen. 
| They can be cut, shortened, and re- 
'shrunk on the wheel. In exploring 
| work, the tires, as a rule, do not perman- 
| ently increase in circumference, as they 
| do from use on hard roads here, but the 
'wheels shrink away from them with the 
heat, and this same heat expands the iron 
| tire, and so causes it to lose its contact 
| with the felloes. 
| The evil results arising from these 
| causes may be minimized in two ways :— 
| 1. By constructing the tires slightly 
|convex on the inner circumference, and 
'by making a corresponding concavity in 
the outer circumference of the felloes, 
| 2. Sometimes, however, the shrinkage 
‘is so great, that it becomes necessary to 
‘cut and shorten the tire. As it is almost 
|impossible to secure a good weld to re- 
close it, it has to have the two ends filed 
to a feather edge, brought together, and 
| then firmly clipped to the felloe at either 
‘end of the splice. The tire may be 
wedged tight, and secured with clips. 
The axle-trees should be of the best 
toughened iron, bedded in tough timber, 
‘and clipped. In length they should be 3 
‘ft. 8 in. to 3 ft. 10 in. 
| The greater the breadth (in modera- 
'tion) the greater the stability of the 
| vehicle when moving across an incline. 
|Moreover, with all the wheels of equal 
diameter, the lock is increased by leaving 
‘a greater space between the wagon body 
‘and the front wheels. The axle-trees of 


the fore wheels and hind wheels should 
be connected by a straight perch made 


keep them together, and even with this} of tough wood, such as hickory. Inas- 
precaution, the wheels eventually turned | much as there is very little “lock” re- 
inside out and fell to pieces. There is, | quired, there is no necessity for any com- 
however, a form of wheel which seems to | plicated or delicate wheel-plate (or fifth- 
me to be likely to last longer than the| wheel). A stout transom, with an iron 
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eye through which the king bolt would 
pass, and the axle-bed connected with 
the splinter bar by two wheel-irons, and 
braced at the rear by a stout sway bar, 
is all that would be required. These 
should be all straight pieces as far as 
practicable, and clipped together (not 
bolted). In very broken and precipitous 
ground the pole might be taken out, and 
the movement controlled by ropes held 
by men. 

As regards traction, it would be a great 
gain if the pole could be dispensed with, 
inasmuch as in very rough ground it 
knocks the wheelers about sadly, and it 
is more frequently broken when working 
in difficult ground with untrained horses 
and bad drivers than any other part of a 
wagon. It is, however, sometimes ne- 
cessary, and must therefore be provided 
for. It should be attached firmly to the 
splinter bar, and the bar allowed to move 
freely. The attachment should be by 
means of two iron bars passing through 
eyes clamped on to the splinter bar at the 
two ends, ending in two iron stays coming 
out from the bars at an angle of about 20 
degrees, and clamped on to the pole. 
The pole is thus worked freely up and 
down, and the pressure would be taken 
off the jaws of the futchells by the two 
jointed iron bar stays. 

The hanging pole, moreover, necessi- 
tates a contrivance to relieve the horses 
from having constantly tv support its 
weight. This can be done by having a 
strong hook, fastened by a clamp, at 
about one-sixth of the length of the pole, 
from the splinter bar. On to this hook 





apart by means of very light hickory bars, 
kept from slipping by green hide thongs 
passing through the ends of the bars, 
and fastened through loops in the leader's 
traces. Itis well, however, to be able to 
use the pole and bar draught; with tliat 
view, the pole piece should be fastened 
by clamps, counter sunk round the pole 
head. The hook should be made on a 
twist, to avoid the necessity of using a 
strap, as with wild horses it is necessary 
to be able to detach the leaders with as 
little delay as possible. 

Germane to the subject of traction is 
the question of how to bring it into 
control. The ordinary skid or shoe 
cannot be depended upon in rough, 
rocky ground, as the wheel is apt to jump 
out of the shoe. The ordinary hand 
brake, acting on the front of the hind 
wheels, is insufficient. To these two 
should be added a friction brake working 
on the hinder circumference of the hind 
wheels by means of a bar, shod at the 
two ends, which can be compressed 
against the wheels by a screw working 
on the end of the perch, prolonged for 
this purpose. 

If the tires should be secured by clips 
at any part of the journey, the projections 
would interfere with the brake blocks, so 
the brake blocks should then be applied 
with enough pressure to prevent the 
wheels revolving. 

Suspension.—If a very rough country 
has to be traversed, it is well to have the 
body of the wagon suspended on springs, 
so as to save the damage done to the 
stores, as well as to the wagon by the 


is fastened a chain, or strap of plaited | jolting. 


raw hide, which, running through a| 


sheave (firmly fastened by a broad plate 
bolted on to the footboard), is hooked at 
its other end on toa hook fastened to the 
under side of the front of the body of the 
wagon. These hooks must be strong, 
and have a broad bearing where fastened 
to the carriage body.’ It would even be 
advisable to introduce a spiral spring at 
one end of the chain, to. take off the 
sudden strain occasioned during the pas- 
sage over very rough ground. F 
When driving four or more half-trained 
horses on broken ground, it is safer to use 
no pole piece and bars, but to use long 
traces made of green hide rope, kept up 
by loops hanging from the wheeler’s trace 
carriers, the leader’s traces being kept 





The best form of spring appears to me 
to be that adopted by some of the best 
carriage makers in the construction of 
gentlemen’s omnibuses for station work 
with heavy loads. 

The springs are single, and coupled to 
the scroll iron on the body by a shackle, 
inside which is an iron coupling or robin. 
These are practically unbreakable, as the 
coupling takes off the strain from any 
sudden and heavy jolt. Thereshould be, 
however, india-rubber buffers fastened on 
to the body to minimise the shock, if it 
were to be so severely jolted as to come 
down suddenly on the bed of the spring. 
I have found it very useful to have a 
strong swinging tray (made of strong 
ash planks one inch thick) fastened so as 
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to hang between the axle-trees. The 
planks should not be too close together 
to prevent axes, spades, picks, and such 
like heavy articles being attached to the 
planks by means of thongs tied round 
the planks, and passed through holes in 
the handles of the implements. The 
whole tray should be constructed that 
it can be readily taken to pieces, and the 
planks utilized in the passage of boggy 
grounds, or in the sandy beds of rivers, 
or in running the wagons up very steep 
inclines in soft ground. I have found 
them of great use, especially in deep 
ground, where they can be put under the 
wheels. Another advantage arising out 
of the use of this tray is, that as in it are 
placed heavy articles, the center of gravity 
is brought lower than if the same weights 
were carried in the wagon itself. There 
should also be a small water barrel, cov- 
ered with felt, hanging under the wagon 
at the rear. 

Covering.—Every explorer’s wagon 
should have a tilt, to serve as a shelter 
from sun and rain. It should be made 
of waterproofed canvas, and have a fall- 
down piece in front to shelter the driver, 


and a curtain behind, with thongs to} 


enable it to be kept closed when needed. 
The framework is best made of hickory, 
fitting into rectangular sockets well out- 
side the framework of the body, so as to 
allow of ventilation from under the sides, 
and to give greater head-room space in 
the interior. There should also be a 
ridge pole of hickory running through 


rings clamped on toeach rib. This ridge | 


pole can be utilized for slinging a 
hammock in case of sickness or wounds 
during the march. 

Fittings—Under the driver’s seat 
should be a movable box, in which to 
place all the tools and materials necessary 
for mending the harness, or any part of 
the wagon. The box should be con- 
structed in trays, so that each thing may 
have its place, and be readily available. 
Each wagon should have its camp 
kettle, which should be slung on hooks 
under the rear of the body. On the 


splash-board there should be hung a/| 


stout leather bag, in which might be 
kept strong twine, a sharp knife in a 
sheath, and a hatchet and hand-axe for 
ready use. Each wagon should have a 
strong lantern for use, with good wax 
candles. 


Harness.—The great desideratum is to 
have as little harness as possible, and 
that it be strong without being heavy. 
Headstalls and bridles may be made of 
stout webbing dipped in tan. The reins 
should be round, and of plaited green 
hide. There should be as few buckles as 
possible, and the ends in the driver's 
hands should never be buckled, but 
merely kept together by a loosely made 
reef knot, which can easily be undone in 
the event of its being necessary to let the 
leaders go clear. ‘he traces should 
either be made of plaited raw (or green) 
hide, or of the best two-inch rope. 

It is well to be provided with both 
collar and breast draught, so as to be 
able to change from one to the other 
form of draught in case of need. Copper 
rivets and copper wire are most useful 
for mending harness and saddlery, and 
plenty of it should be with the stores. 
There should also be plenty of hobbles to 
prevent horses from straying too far 
from camp at night in search of feed. 
Some horses, however, become so clever 
in hobbles that they can even gallop in 
them. In such places the best plan is to 
attach a cord from the head collar to the 
hobble of one leg. It is well to have a 
few cattle bells to attach to the necks of 
some of the horses most likely to stray. 
By these means much annoyance and 
delay in starting are to a great extent 
| avoided. 


| Horseshoes.—Although in most expedi- 
\tions the horses are not shod, it is wise 
‘to take a small supply of shoes and nails, 
to be used in the event of it being ne- 
cessary to cross a tract of stony or rocky 
country, where horses would soon wear 
down their feet, and become tender- 
footed and useless. The class of shoe 
must depend upon the breed and class of 
horses used. The Arabs, who ride their 
horses over very rocky and stony ground, 
most frequently shoe their horses with 
plate shoes, covering the whole of the 
sole; but this form is not suitable to a 
wet soil or a stiff clayey country. Every 
party should have a blacksmith amongst 
its members, and it is well that most of 
| the party should be able to shoe a horse 
without driving the nails into the quick. 








Packing the Wagons or Pack Ani- 
mals.—There are certain principles in 
packing, whether it be wagons or pack 
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nimals, which should never be lost 
sight of. 

1. To make each wagon or group of 
pack animals complete in itself, 7. e., it 
should contain everything necessary to 
the existence of those in charge. 

2. So to arrange the stores that those 
most frequently used should beso packed 
that nothing else need be disarranged in 
order to get them out. 

3. To arrange the stores in such a 
manner that the heavy packages should 
be equally distributed over the surface of 
the wagon, or amongst the beasts of 
burden, and that the lighter articles 
should always be so well secured as to 
prevent the possibility of their becoming 
loose, and thus spoiling their contents. 

I have known hard biscuits reduced to 
powder by the omission to pack the case 
with paper, so as to keep the box always 
full; clothes worn into holes by attrition 
from their having been placed in contact 
with hardcorners ; maps, and even books, 
destroyed in the same manner. 

Now, as regards the packing of ani- 
mals, it is quite impossible to do more 
than lay down first principles, viz. :— 

1. That the panels of the pack saddle 
must be well and evenly padded; this 
should be looked to at every halt and 
promptly remedied, otherwise sore backs 
will ensue. 

2. That the weights should be quite 
evenly divided on either side of the 
saddle, so as to avoid the necessity of 
having to draw the girths too tightly, or 
of having to stop frequently to re-arrange 
and trim the burdens. 

3. The weights should be kept low, so 
as to lower the center of gravity as much 
as possible. This is especially necessary 
when any mountainous country has to be 
traversed, 

4. The packages ought not to stick out 
too much laterally, especially when 
wooded country or a narrow rocky pass 
has to be traversed. 

5. Where practicable, it is best to put 
some soft or yielding package outside the 
o:hers, as the pack animals often run 
against one another, and damage in such 
cases might arise both to the animals and 
to the packages, if the latter were hard 
and unyielding. Moreover such a plan 
enables the surcingles to be better 
arranged. 

6. Never attempt to pack an animal 





alone. The weights having been ar- 
ranged on the ground, the animal should 
be led between them, and the packages 
should be placed on the hooks simultane- 
ously. 

7. The same precautions should invari- 
ably be taken when unpacking, as at that 
time it is so very easy to “wring” and to 
“rick” an animal’s back. 

8. At every halt of more than an hour 
the packs and pack saddle should be re 
moved, and, where practicable, the backs 
should be washed with salt and water, 
alum and water, or carbolic soap and 
water, then rubbed dry; and just before 
repacking, the back should be brushed 
with a penetrating bush, to remove all 
grit, sand, or dander, as almost all 
horses, mules, and asses, roll on the 
ground as soon as their saddles have been 
removed. 

9. After each day’s march, the back of 
every animal should be examined, and 
the slightest tenderness or shrinking ob- 
served. The smallest sore or abrasion 
should be carefully washed with carbolic 
soap, and dressed with vaseline ointment. 
If there be no spare pack horses, and rest 
be an impossibility, then a numnalh of 
thick felt should be interpolated between 
the back and the saddle, and a hollow, or 
even a hole, cut in the numnah, to pre- 
vent any pressure coming over the sore 
place. 

The same treatment should be observed 
with respect to the shoulders and withers 
of the harness animals, remembering 
the old proverb, “a stitch in time saves 
nine.” 

There should be an intelligent, capable 
man in charge of all the wheeled trans- 
port, another in charge of the pack 
animals, and a man in charge of the spare 
and sick horses. Each driver should be 
responsible for his wagon and team, and 
there should always be a mounted man 
with the wagons, and with each de- 
tached wagon. There should be a cook 
in whose charge all the stores should be, 
and he should ride, if possible, so as to 
go forward with the advanced party, to 
light the fires, collect the wood, and, 
where necessary, improve the water 
supply. He should carry a hatchet and a 
small spade. 

The man charged with the supervision 
of the sick and spare horses should: have 
another man with him, as it is often 
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necessary, especially at the commence-| 
ment of a journey, to leave a man behind | 
to search for and bring up horses which 
have strayed, and sometimes even gone 
back from the camping ground. 


transport is employed, there should 
always be a reserve of a class of horses 
called “ emergency” horses, é. ¢., horses 
able and willing to give a steady and 
strong pull. They should be well bred, 
strong horses, and should not be used 
except when required in heavy ground. 

In countries where the water supply is 
uncertain, it is the best plan to send two 
men ahead with a spare horse, to explore 
for water. When found, one of the men 
returns on the spare horse. 


As a rule, from ten to fifteen miles 
may be considered an average march in a 
new country, in which there are 
physical difficulties. I have, however, 
more than once, only been able to pro- 
gress two miles in the day; whilst in 
order to reach water I once had to make, 
in three successive days, marches of forty- 
one, forty, and forty-three miles. 
were, however, made with pack animals, 
and without wagons. Before conclud- 
ing this paper, it may be interesting to 
most of you to hear a few remarks on 
the manner in which exploration for 
water is generally conducted. Experi- 
ence, and even common sense, tells us 
that in a hot or a dry climate. animals 
and birds are but very seldom found far 
from water towards sunset, and that at 
sunrise they generally leave the vicinity 
of water on their search after food. Ob. 
servations as to the direction of the flight 
of birds, and especially of all the parrot 
tribe and the carrion birds, will generally 
lead to the discovery of water. 

In almost every country there are some 
descriptions of shrubs and trees which 
will not grow except in the vicinity of 
water; and even where this water may 
not be obtainable on the surface, it can, 
under such conditions, be found by sink- 
ing in suitable spots in the beds of the 
streams where those shrubs or trees are 
found. I once traveled for three days 
down the bed of a river which was quite 
dry, and yet by sinking from six to ten 
feet in the bed, a sufficient supply was 
obtained. It seems to be a provision of 
nature that in very hot and dry countries 


no) 


These | 


the streams almost invariably run for con- 
siderable distances under ground. With 
a very rudimentary knowledge of geology, 
and by the observance of the natural 
signs of water peculiar to each country, 


In every exploration where wheeled ttvelers may, and do, often find water 


where an unobservant man might die of 
thirst. This all-important question is of 
more interest than usual at the present 
time, when an expeditionary force, com- 
posed of European troops, is about to 
undertake the opening up of the trade 
route from Suakim to Berber, on which 
the last two stages, fifty-three and fifty- 
two miles respectively, are without any 
visible supply of water. Personally, I have 
but little doubt, from the geological for- 
mation of the country, and from the con- 
ditions of the water supply along the rest 
of the route, that these two dry stages 
wiil be bridged over by the discovery of 
a subterranean supply of good water 
Let us hope that capable men may be 
employed in the exploration of that part 
of the route, and that our expeditionary 
forces on the Nile and the Red Sea may 
be able to join hands at Berber, and 
thence proceed to re-establish the prestige 
of British arms in the Soudan. 


—— me 


r | “HE MANUFAOTURE OF ‘‘Cocoa” PowpDER.— 

The War Department have adopted the 
new brown gunpowder known as the ‘‘ cocoa” 
powder, and itis now being manufactured at 
the Government Factory, Waltham Abbey, on 


the principle introduced from the United 
Rhenish Westphalian Powder Mills, Cologne. 
Some trials of this powder have taken place at 
the proof grounds in the government marshes, 
Woolwich, under the direction of Major He- 
mans, Royal Artillery, the proof officer, and in 
the presence of Mr. E. Kraftmeier, the repre- 
sentative of the Westphalian works. Two 
thousand cases of this description of powder 
have recently been purchased, and samples 
have been fired in an 11-inch breech-loading 
gun. Ten rounds were fired to test the pres- 
sures and velocities, the charge of powder 
being 295 Ibs., and the weight of the projectile 
655 Ibs. The pressures were taken at five posi- 
tions within the gun, and the velocity, as usual, 
at the muzzle. The mean pressure was 16.5 
tons per square inch, which is two tons lower 
than stipulated, and the whole of the velocities 
were between 2,002 feet and 2,010 feet per 
second. The pressures were also exceed- 
ingly regular, the highest being 17.6 tons, and 
the lowest 16.3 tons, while the mean variation 
in velocity was less than 2 feet. The brown 
powder creates a very thin smoke, and the 
committee at the School of Gunnery, Shoe- 
buryness, have reported that it does not obscure 
the targets. 
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THE RESILIENCE OF STEEL. 
By WILFRED LEWIS. 
Proceedings of the Engineers’ Club of Philadelphia. 


Tue problem of storing energy in a 
convenient shape for transportation or 
domestic use, suggests a wide range of 
possibilities, and opens up a large field for 
the exercise of inventive genius. 

A good solution of the problem is 
urgently needed and as earnestly sought, 
but, as yet, all efforts seem to have failed 
to accomplish practical and economical 
results. 

That continued labors in this direction 
will finally be rewarded by success, is 
certainly within the bounds of possibility, 
but meanwhile it appears as though 
everything that will not work must be 
tried first, and that a vast amount of 
knowledge must still be gained by sad 
experience and disappointment. The 
subject of this paper was suggested by a 
case in point, the proposition being to 
utilize the energy stored in a number of 
steel springs for the propulsion of street 
cars. 

The question which naturally arose, 
was: how much energy can be stored in 
a given weight of steel ? 

The answer to this question was at 
first sought from the data given in stand- 
ard works of reference, but these were 
found to be so meager and indefinite, 
that the writer was led to make some 
experiments, to be described. Before 
going into particulars, however, it will be 
of interest to note some of the various 
ways in which energy can be stored, and 
the comparative position of steel among 
them. 

This has‘been done by a writer in the 
“English Mechanic and World of Sci- 
ence,” for November 2d, 1883, who com- 
pares the methods of storing energy by 
means of steel springs, India rubber, com- 
pressed air, hot water, and electricity, 
and expresses the results in terms of the 
weight of material required to store one 
horse-power per hour. 

Of steel, he says that fifty tons of 
watch-springs, all fresh wound up, would 
not supply one horse-power for one 

our. 

Five or six tons of India rubber, or 


about three hundred pounds of com- 
|pressed air, including the weight of a 
steel case to contain it, would yield about 
|the same result, and the weight required 
‘to store this energy by means of hot 
water or electricity, is said to be at pres- 
ent about the same as for compressed 
air, with the future probabilities in favor 
of the storage battery. He also goes on 
to show that the energy stored in the 
shape of horse flesh, will yield 2,000,000 
ft. lbs. per hour for five hours. The 
weight of the horse being taken at 1,500 
lbs., gives for the energy stored about 
6,670 ft. lbs. per lb. of the animal, and 
as this is a more convenient form of com- 
parison, we find for the previous ex- 
amples, that 18 ft. lbs. can be stored in a 
pound of steel; 100 ft. lbs.in a pound of 
rubber; 6,600 ft. lbs. in a pound of air, 
including its steel case, and about the 
same in a pound of hot water or storage 
battery. 

According to the same writer, the 
energy stored in the coal, water and 
boiler of a locomotive, will yield abont 
25,000 ft. lbs. per pound of all the ma- 
terials used in storing. 

From these statements it appears that 
steel has comparatively but littie capacity 
as a reservoir of power, although, 2s is 
well known, it has long been used suc- 
cessfully and even preferably, for such 
light work as the running of clocks and 
toys, where convenience and availability 
are the main points in view. If the 
figures just given were accepted as cor- 
rect, it would seem hardly credibie that 
any one would attempt the task of pro- 
pelling a street car, upon the basis of 18 
ft. lbs. per pound of material used for 
driving, but upon investigation it was 
found that considerable work had already 
been done upon an experimental car, for 
the purpose of having a practical test. 

The invention is described in Zhe 
New York Scientific Times and Mercan- 
tile Register, for December 15th, 1883, as 
a “ wonderful system, by which horses on 
street car lines will be abolished.” 

The working parts will be of phosphor- 
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bronze, polished, ees there will be 60 |tions, because it may never be known 
steel springs, each 3 inches wide, by ,4;; when those conditions are reached. 
inches thick, and 60 feet long, which, it Everything, of course, depends upon the 
is said, can be wound in two minutes, by | quality of the steel, and its physical treat- 
a stationary engine at the depot. ment. No satisfactory data upon these 
This may be very quick work, but what points could be found; the effect of 
is more to the point. the figures are given | hardening was said to increase the elastic 
to show that by the use of this system, limit and ultimate strength, and to 
the car companies can carry passengers | diminish the elongation and reduction 
for three cents, and make as much money of area, but the effect upon the modulus 
as they now do at the present rates. of elasticity was not given in connection 
In the case of the springs running | with these other changes. 
down before reaching the station, a wise, This modulus is given by Rankine, at 
provision has been made by the intro-| 29,000,000 for soft steel, having a tenacity 
duction of a “powerful hand-winding of 90,000 lbs., and a working strength 
arrangement, so that the engineer can /| of 30, 000 Ibs., and at 42,000,000 for hard 
apply the arrangement while the car is in | steel, having "a tenacity of 132,000 Ibs., 
motion, and thus reach the station with-| and a working strength of 44, 000 Ibs. 
out delay,” but, unfortunately, no pro-| We have also, upon his authority, that 
vision appears to have been made for | within the elastic limit, the modulus for 
winding up the engineer. ‘compression is sensibly equal to the 
“The car is also provided with an ice | modulus for extension. — 
attachment for winter use, a governor to, Prof. Burr, in his work on the “ Elas- 
regulate the speed, and about sixteen | ticity and Resistance of the Materials of 
hand-levers, for various clutches, all con- | Engineering,” gives a table showing the 
veniently and easily handled.” effect of tempering upon the elastic limit 
Upon inquiry it was not surprising to and ultimate resistance, and the highest 
find, that although considerable work had values there given for the elastic limit 
been done upon “the polished bronze por-|are 58,350 lbs. before tempering, and 
tion of the car, no experiments had yet | 107,650 lbs. after tempering. The ulti- 
been made to determine the duty of the mate strength corresponding, is 110,340 
steel springs in question; and having be- lbs. before, and 169,430 Ibs. after temper- 
come interested in this part of the sub-| ing. 
ject, as a matter of scientific importance,, These results were obtained from a 
I undertook the following investigation | mild grade of French steel, and, although 
to determine the possible resilience of | this elastic limit is probably above that of 
steel : average steel, it is of course below what 
The elasticity of a steel bar may be de- | might be expected of higher grades. 
veloped by extension, compression, tor-| Assuming Rankine’s figures for hard, 
sion or flexure, the latter being a combi- | untempered steel, we find that its resili- 
nation of the two former. ‘ence is 7 ft. lbs. per lb., under direct 
All steel springs are brought into action tension. That is to say, any given 
by torsion or flexure, not because any | quantity of untempered steel is just 
more work can be stored by these | capable of storing enough energy to raise 
methods, for in reality there must be less its own weight, through a distance of 7 
than by either extension or compression, | ft., and that a car without weight driven 
but because the forces involved are more by such a spring, without any loss 
manageable. | through friction, could not quite manage 
In flexure and torsion, the metal is to ascend a hill eight feet high, without 
strained in proportion to its distance | the assistance of the engineer. 
from the neutral axis of the section, and| Supposing the elastic limit to be 
therefore, the full amount of elasticity is | 107,650, instead of 44,000, as given by 
developed only in the extreme fibers, but Rankine, we have about 43 ft. lbs. per 
in direct tension or compression every |lb., a much better result, but still insig- 
particle of metal must yield its full share nificant in comparison with horseflesh, or 
of duty. ' compressed air. 
It is impossible to determine what this| According to Rankine’s formule for 
may be under the most favorable condi-' spiral steel springs, the torsional resili- 
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ence of steel is greater for the same in- 
tensity of stress than that of direct ten- 
sion or compression. This is due to the 
lower modulus of elasticity for torsion, 
which prevails against the loss from 
incomplete straining of the fibers. The 
modulus for shearing is given at 
12,000,000, and assuming 44,000 for an 
elastic limit, we have 12 ft. lbs. per lb. of 
metal for the torsional resilience of steel 
springs. 

In order to put these calculations to 
a practical test, I procured two door- 
springs, of ;'; inch wire, and about 34 
feet long. One end was held in a vise, 
and, upon a lever attached to the free 
end, weights were suspended until a de- 
flection of 180° was produced. The first 
specimen, which was 374 inches long, de- 
flected 90° with a weight of 4 lbs., at 15 
inches rad., without taking set, and 180° 
with 8 Ibs., at 11} rad., showing a set of 
about 30°. The second specimen gave 
better results. It was 404 inches long, 
between clamps, and deflected 90° with a 
weight of 4 lbs. at 13 inches rad., and 
180° with a weight of 8 lbs., at the same 
rad., showing not more than 5° set. 
Taking the latter case, we find the great- 
est shearing stress to have been 80,000 
Ibs. per square inch, and the resilience 
about 43 ft. lbs. per lb. Substituting 
these results in the general formula for 
torsional deflection, we find the modules 
in this case to have been about 10,000,000, 
which corresponds closely with the values 
generally given. 

Dividing the general formula for tor- 
sional resilience 
R= ae fy the weight VW= 
and reducing to ft. lbs., letting /= in- 
tensity of stress, and C= modulus of 
elasticity for distortion, we have, for the 
energy developed per lb. of steel, 


_ 075 f? 
ies 


The ultimate value of E, from these 
experiments is, therefore, about 48 ft. 
lbs., allowing 80,000 Ibs. for / and 
10,000,000 for C. If the spring is 
strained to but half its elastic limit, but } 
of this amount, or 12 ft. lbs., per lb., can 
be obtained, the same as deduced from 
Rankine’s formula for the safe load. 

In order to test still further the resili- 
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ence of spring steel, I procured two clock 
springs wound in spiralforms. The first, 
which was % inches wide, and .014 inches 
thick, weighed 605 grs., and was conse- 
quently 60 inches in length. 

It was mounted upon a mandril and 
tested for each revolution in winding 
and unwinding, by a weight sliding upon 
an arm attached tothe mandril. By this 
means the friction of the coils in pressing 
against each other could be measured, as 
well as any set which might occur. At 
twelve revolutions the spring appeared to 
be wound up, and it then supported a 
weight of 1 lb., at 3 inches rad., with a 
variation of }+ inch either way in the 
radius. The tension was in all cases pro- 
portional to the number of turns, and 
no set was apparent after unwinding. 

It was expected in this test that a much 
lower result would be found than in the 
test for torsion, both on account of the 
higher modulus for bending, and also on 
account of the character of the stress in 
developing a smaller proportion of the 
inherent energy in the steel. But the 
result is surprising, for we have without 
doubt, 9.42 tt. Ibs. in 605 grs., or 108 ft. 
Ibs. per lb., and assuming the neutral 
axis to be in the middle of the ribbon, 
there must have been exerted a transverse 
resistance of 240,000 lbs. per square inch 
upon the outside fibers, and this too 
within the elastic limit. 

To satisfy myself on this point, and to 
be sure that this remarkable strength 
was not due to the combination of super- 
imposed layers, I fastened a short length 
of the spring between wooden clamps, 
one of which was fixed so as to use the 
spring as a cantilever to sustain weights 
attached to the other. In this way the 
spring supported a weight of 1 lb. at a 
radius of 4 inches, when an apparent set 
took place. 

The transverse strength of the steel 
was thus found to be over 320,000 lbs., 
with an elastic limit closely approaching 
that amount. 

The other spring, which was 4 inch 
wide by .022 inches thick, and weighed 
2,040 grs., showed even better results. 
After making twelve revolutions it sus- 
tained a weight of 2 lbs., at 6 inches rad., 
developing 45 ft. lbs. of work, or 154 ft. 
lbs. per lb., and showing a transverse 
elastic resistance of 300,000 lbs. per 
square inch. The energy developed by 
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any layer of the spring is proportional to 
the square of its distance from the neutral 
axis, and we find by integration that the 
energy developed by flexure is one-third 
of that which is possible by direct tension 
or compression. 


We should therefore expect to obtain 
from this steel, under tension or com- 
pression, 462 ft. lbs. of energy per lb. 
of steel, when strained up to 300,000 Ibs. 
per square inch, and this gives for the 
modulus of flexure the value of 30,000,- 
000. 


This low modulus of elasticity, in con- 
nection with such a high degree of trans- 
verse strength, seems to give new life to 
the project which at first appeared so 
nopeless, but it is still doubtful whether 
any great success can be anticipated 
under this more favorable light. As- 
suming 154 ft. lbs. per lb., which is 
probably far in excess of what can be 
obtained on a large scale, and allowing } 


| of the total weight for the weight of the 
| Springs, and 50 per cent. for the effici- 
jency of the driving mechanism, we have 
| about 20 ft. lbs. of available energy per 
(Ib. of load moved. On a level track or 
‘down grade this might be sufficient to 
jrun a mile, but it would be entirely 
‘inadequate to overcome ordinary grades, 
|or to endure many stops, even if a por- 
tion of the energy were returned in 
stopping. The approach to Spring 
Garden Street Bridge, for instance, 
would doubtless prove insurmountable. 
The experiment, however, will soon be 
tried, and the result, if unsuccessful, will 
at least be instructive. It is believed, in 
conclusion, that the results here given 
upon the resilience of steel are the 
highest yet recorded, notwithstanding 
the fact that they are constantly being 
realized in practice, and that the demon- 
stration of their truth is within the reach 
of any one who will take the trouble to 
make it. 
| 


} 








SOME GENERAL CONSIDERATIONS AFFECTING STRUCTURAL 
DESIGN. 


By WM. H. 


BURR, C. E. 


From Selected Papers of the Rensselaer Society of Engineers. 


Tue time is even now not far distant 
in the past when the chief object in the 
design of a bridge or similar structure 
was considered to be the proper deter- 
mination of the area of cross section of 
the ties, posts, and upper and lower chord 
members ; and what was twenty-five or 
thirty years ago a problem of no ordi- 
nary complication, has not at the present 
time yielded in all its parts to the most 
approved analytical and experimental 
methods. While a clear line of demarca- 
tion has long been drawn between that 
class of structures which are free from 
ambiguity in stress determination and 
those that are not, the compression mem- 


Pete enable the length of a flat or pin- 
‘end strut to vary between wide limits 
‘without essentially changing the resist- 
‘ance of the column, but the upper chord 
of a pony truss still defies exact treat- 
ment, and refuses to wholly yield even to 
gusset plates or knee braces. It can be 
readily conceived that the centers of re- 
sistance of the ends of a column may 
within certain limits keep pace with the 
‘center deflection both in direction and 
rate of motion, and thus preserve the re- 
sistance essentially constant, even with a 
‘considerable increase of length; but 
what can be taken as the effective column 
‘length in the pony truss upper chord? 


ber as placed in a bridge structure still It cannot be its distance between panel 
possesses a resistance at least partially points symmetrical with the center, for 
indeterminate, in spite of the accuracy | gussets and knee braces do give some 
with which it may be treated when |steadiness, though not complete rigidity, 
placed in end conditions identical with! nor can the lateral stability yielded by 
those of the testing machine. It has | the tension web members be completely 
been clearly established by numerous | disregarded. 

tests that the best forms of cross section; The demands of extraordinary span 
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lengths have called into existence new 
types of truss and stiffened structures 


requiring novel but successful analytical | 


methods ; but the resistance of the swing 
bridge with variable movement of inertia 


of truss section and ever-changing thermal | 
effects, remains at the present time, at 


best, in only an advanced conventional 
state, in spite of many analytical attacks. 
It is true that much has been done, but 
the design of a swing bridge .is at pres- 
ent a task which the competent and con- 
scientious engineer must approach with 
some hesitation. 

But if these difficulties bear the marks 
of age, there are a host of others that 
have been reached by the rapid advance 
of modern bridge building... Many of 
these depend solely upon correct concep 
tions of true functions of details which 
originally were either not recognized at 
all or very incompletely; others have 
arisen from the adaptation of improved 
or new materials, while perhaps the most 
complicated questions relating to struc- 
tural design are those involving the man- 
ner of application of the moving load. 

The oftice of that important detail, the 
pin, which gives the stamp of individu- 
ality to American bridge structures and | 
forms the basis of their superior excel-| 
lence, has been clearly discovered, though | 
original failure to do so caused the early | 
disrepute in Great Britain of a feature | 
of construction which, under more skill- 
ful design in this country has been the 
foundation of the only system permitting 
exact analytical determination in the, 
truss. The proper development of the 
eye-bar head has long since produced a 
member equally strong in all its parts, 
and by judiciously designing and arrang- 
ing, an indefinite number may be grouped 
on the same pin without unduly increas- 
ing the size of the latter. 

The importance, and even necessity of 
applying increments of chord stress di-| 
rectly to the center of the metal intended | 


‘are usually so small in comparison with 

those of the vertical loads that a very 
material eccentricity, even in the applica- 
tion of the increments, is not of great 
importance, and is easily provided 
against by stiffness of details. 

Among the more frequent questions 
confronting the designer, in consequence 
|of combination of the more elementary 
| shapes in the production of proper forms 
'of strut section, is that of the latticing 
| uniting channels or composite shapes of 
plates and angles. Although this mode 
|of strut construction has long been in 
use, a rational method of proportioning 
|the latticing is yet to be determined. 
| Conventional rules of more or less crude- 
jness have been followed, but none of 
|them appear to recognize the true office 
‘of this important portion of the column. 
It certainly does not perform the part of 
|&@ compression member to the extent of 
the difference between the resistance of 
| the two halves of the strut in laterally 
| unsupported columns and that of the 
complete post itself. It impresses upon 
‘each half a transverse load which pro- 
'duces a bending in direction opposite to 
that caused by the longitudinal thrust, 
and its office is, therefore, simply to hold 
the two parts in fixed positions relatively 
to each other. The amount of the ten- 
sion or compression in a direction nor- 
mal to the axis of the column exerted by 
this latticing measures the least allow- 
able longitudinal section (as well as rivet 
area) of the stay plates at the strut ends; 
for they must exert an amount of force 
equal, but opposite in kind, to that of the 
‘latticing. The amount of this force and 
‘its distribution is as yet unknown, and 
‘this part of the strut problem remains 
unsolved. 

It is probable that there is some extrav- 
|} agance of material in the: best of present 
latticing, but it is a judicious practice 
under circumstances of such deficient 
knowledge. 


to carry them has long been recognized | 
and accomplished in all first-class design, These are a few examples only of the 
except in the matters of upper and lower, many that might be cited, of the difii- 
lateral bracing. The problem of a per- culties of design that confront the engi- 
fect system of lower lateral bracing for a neer at the present time, and while they 
through bridge is one that has not yet, do not admit of precise solution, it is ab- 
been satisfactorily solved, though a de- | solutely essential that resort be made to 
gree of no inconsiderable excellence has some experimental or conventional meth- 


been attained. Fortunately, however, | 
the chord stresses of the lateral systems | 


od which, though not accurate, shall 
neither be extravagant on the one hand, 
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nor permit the margin of safety to fall| 
below the proper limit, on the other. 

The rapid improvement in processes 
for the production of structural materials 
during the past few years has led to the 
application of the lower grades'of steel 
yielded by the open hearth and Bessemer 
processes, to the construction of bridges 
and roofs. The nature of this material | 
and its behavior in certain constructive 
manipulations is not even yet completely 
understood, but its superior capacity to 
wrought iron in many operations of the 
rolling-mill, its increased ductility and 
perfect homogeneity, no less than its 


greater tensile and compression resist- | 


ance, but chiefly its successful and satis- 
factory application to a number of exist- 
ing bridges, renders the question of its 


ultimate general use merely a matter of a | 
comparatively short time, and gives to all) 


questions connected with it an unusual 


demand on the attention of the engi-| 


neer. Although we have as yet only be- 


gun to traverse the problem connected | 
with this material, much has already been | 


done not only in solving some prelimi- 
nary questions, but also in indicating the 
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of metal giving a much higher resistance 


‘than that of which the eye bars are made. 


It is yet a question just how much higher 
steel may be used in compression than 
in tension members; but it is already 
certain that a higher grade may be used, 
and hence that the advantage in steel 
columns is correspondingly greater. 


Many tests have already been made on 
steel angle struts, though few on compo- 
site columns; enough has been done, 
however, to show the superiority of steel 
struts over those of iron. The freedom 
of steel from slag and its perfect homo- 
geneity give agreater range to the shapes 
in which it can be produced, and render 
‘it capable of resisting severer duties 
with less fatigue. The possession by 
steel of a greater number of better struc- 
| tural qualities gives certainty to the early 
solution of the more fundamental and 
‘important problems involved in the gen- 
eral introduction of that metal. 


It is evident, therefore, that in some 
respects, at least, the approaching use of 
steel forces bridge building into some- 
what of a transition state, in which will 
arise, or rather have arisen, questions af- 


line along which the most productive re- | ¢ ‘ 
sults will probably be found. | fecting not only the proportions of cross- 
The lower structural grades of steel, | Sectional areas of main truss members, 
being little else than “melted wrought| but others depending on the design of 
iron,” can be welded with almost, or | details. 
quite as much, facility as wrought iron,, While, however, the preceding ques- 
while its superior ductility and perfect | tions embrace difficulties of no ordinary 
homogeneity make it especially adapted | character, they are subject to « relatively 
to such processes as upsetting end, hence | easy treatment, since the effect of a vari- 
to the production of eye-bars. It is very | ation in attending circumstances may be 
true that these observations now apply | determined both in quantity and quality, 
only to those low grades of steel that| there are, on the other hand, numerous 
exceed wrought iron in ultimate tensile | questions arising from the manner of ap 
resistance by at most 25 per cent., and | plication and distribution of the moving 
that exercise of increased care and skill|load which, on account of the varying 
are required, but the latter circumstances | conditions of action, are essentially inde- 
are always necessary concomitants of any | terminate. The general question of mov- 
advance, and there is no reason to doubt | ing loads was originally decided in a very 
that an enlarged experience will result) simple and summary manner by consider- 
in the employment of a metal of con-| ing it equivalent to double the amount of 
stantly increasing ultimate tensile resist-| static load. Such a method is certainly 
ance. Any process or operation which | simple enough, but does not more than 
may obviate the final step of annealing| very loosely represent the true action of 
steel eye bars will remove the last sens-| the moving load; it would only accurate- 
ible (though not serious) obstacle to their | ly represent it if the load were applied 
general use. instantaneously over the whole bridge 
The employment of operations less| without the slightest shock. But even 
disturbing to the molecular arrangement, | under the most rapidly moving train this 
in the production of steel compression | can scarcely be considered approximately 
members, facilitates the use of a grade| true, though such an assumption would 
Vou. XXXII.—No. 5—27 
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be more reasonable in connection with 
the floor system. 

Again the principle just given is based 
on the supposition that the load is not only 
applied instantaneously, but allowed to re- 
main applied in one position long enough 
to allow the structure to take a deflection 
double that due to a static load just equal 
in amount to the moving. As a matter 
of fact, the moving load remains in one 
position an indefinitely short time, and, 
in addition to that fact, the members of 
any bridge possess an amount of inertia 
that would materially delay (in time) the 
deflection, even if all other circumstances 
were favorable. If the bridge is of long 
span so that the fixed weight (7. e., 
of structure) begomes proportionately 
large, the inertia will militate with in- 
creased intensity against the conditions 
requisite for the support of the old hy- 
pothesis. The definite duration of time 
in application of load at any one point, 
which is the essential basis of that hy- 
pothesis, seems to have been strangely 
overlooked by confusing rapidity of mo- | 
tion with suddenness of application ; 
conditions neither alike in direction nor 
similar in nature. It may, indeed, be 


shown that rapidity in movement, per se, | 
may relieve stress rather than increase 
it, for the simple reason that when the | 
load is “suddenly” applied at any one 
point, it isjust as “suddenly” removed. 

These considerations will gain force in 
connection with some simple computa-| 


tions based on the movement of rapidly 
passing loads. If a train moves at the 
rate of 60 miles per hour, it will pass 
over 88 feet in one second, or ‘about 104 
inches in one one-hundredth of a second. | 
During the same length of time a heavy 


body will fall a little more than one-sixty- | 


fourth of an inch vertically. In other 
words, if: there happens, from any cause, 
to be a descending slope in the track of 
1 in 670 for a distance of 10} inches, the 
approach thereto being level, a train 
moving at the rate of sixty miles an 
hour would produce no pressure on the 
track over that space. Now, if the hy- 
pothesis of a “suddenly applied load ” 
has any application whatever to One in 
rapid horizontal motion, the accuracy of 
its application ought to increase with the 
rapidity of the motion. But if, in sixty 





miles an hour, the load moves 104 inches 
in less time than a deflection of one- 


sixty-fourth of an inch can take place, it 
is readily seen how thoroughly erroneous 
must be the hypothesis which assumes 
no motion in a horizontal direction, while 
a deflection of one to six inches, accord- 
ing to length of span, may take place. 
The engineer, therefore, must look for 
another origin than that of “ suddenly 
applied loads” for the known destruc- 
tive effects of a rapidly moving load. 

In all the observations on this question 
it has been assumed (as indeed was as- 
sumed in the old hypothesis) that the 
track is absolutely smooth and that no 
shock takes place. But let it be consid- 
ered what occurs at the post of the 104- 
inch incline. The load has fallen one- 
sixty-fourth of an inch, and if the track 
is again level, the moving load has be- 
come also a falling load, and shock will 
take place. These effects will be agera- 
vated if the slope continues, or is steeper, 
or, again, if at its foot it joins an ascend- 
ing slope. Even if a track is laid with 
the greatest skill, and maintained with 
the most watchful care, these slight ele- 


vations and depressions, inappreciable as 
‘they may be to the unaided eye, must 


exist to a greater or less extent. If to 
these we add the shocks and hammerings 
which arise at rail joints, it will be diffi- 
cult neither to discover the origin of 
shocks and vibrations, nor to appreciate 
the wisdom of the ample margins of 
safety employed in structural design. 
Those shocks will not coincide in time and 


position for each rail, and the result will 


be violent movements both lateral and 
vertical, originating vibrations transverse 
and longitudinal in direction as well as 
vertical. Any longitudinal effects will 
be very materially aggravated by all train 
movements, save those under just enough 
steam to produce uniform motion. 

A heavy consolidation locomotive may 
exert a tractive force on the rails of 
twenty-five to thirty thousand pounds, 
the greater part or all of which will be 
resisted by the floor system of a bridge 
if train motion is begun on such a struc- 
ture, and a still greater force may be 
called into action by the air brakes of a 
quickly stopping train. It is erroneous 
to imagine, as is frequently done, that a 
train passing a bridge without steam ex- 
erts no tractive force. The rolling and 
axle friction always exist as a force op- 
posed to the actual motion, and if the 
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locomotive takes no steam on a level, this | but rapid variations of force taking place 
force acts to drive the rails ahead, and is | with the locomotive only, and never re- 
only neutralized by just enough steam to | peated at the same point. 

keep the train in uniform motion. This| Even at 60 miles per hour it would re- 
effect may easily be observed by measur- | quire eleven seconds to produce one of 
ing the movement of a marked point on those effects in the engine assumed, 
a rail under a train moving by its inertia which is certainly not identical with a 
only. '“blow” consuming perhaps one-ten- 


All these effects are produced by the 
external action of the moving load, but 
there are others of a different character, | 
possibly little or no less severe in their ac- | 
tion. These result from the rapid rota- | 
tion of the counterweight of a locomo- | 
tive driving wheel combined with wed 


thousandth part of that time; nor is it a 
“shock.” 

While, therefore, it is absolutely nec- 
essary to recognize the fatigue of the 
resulting vibrations, particularly in the 
floor system, where it is more severe 
than in the trusses, in the determination 
of the proper working stresses, it is 


vertical component of the thrust or pull | 
on the main connecting rod. The first of| probable that a slight relaxation in the 
these is most active in express locomo-| maintenance of a high degree of track 
tives, and the latter in those engines en-| excellence would originate shocks far 
gaged in the heaviest traffic. On account| more destructive in character. 
of the low speed of the latter class, both} The qualitative analysis of any of 
effects will act most destructively under | these influences, whether of moving load, 
locomotives designed for high speed. shocks, counterweight, or main rod, when 
Mr. J. W. Cloud, of Altoona, Pa., has | once recognized, presents no particular 
shown that the counterweight (weighing | difficulty. Unfortunately, however, the 
300 lbs.) on the driving wheel of a “Class | engineer needs not only the quality but 
B” locomotive on the Pennsylvania R. the quantity of the destructive forces, 
R., running at the rate of fifty miles per | and the presence of the uncertain element 
hour, will exert a “blow” every fourteen | of time renders the exact solution of 
seconds of 6,260 pounds above the regu-| these questions impossible, and a re- 
lar moving load for a single rail, and, of | sort to the judgment, tempered by ex- 
course, an equal amount below it, making | perience, the only possible method of 
the total blow 12,520 pounds. Under treatment. The raison d'etre of our 
the same locomotive the vertical compo- | ample margins of safety for moving loads, 
nent of the thrust of the main connecting | is then sufficiently clear, though we are 
rod, with an initial steam pressure of 110) unable to express it in mechanical units. 
pounds, and cut off at one-half, inflicts a| The recognition of wind pressure as an 
“blow” of nearly half the magnitude agent at times actively aiding the destruc- 
of that of the counterweight, and with tion of bridges is a late matter in struc- 
the same frequency. The resultant of| tural design, but the derailed locomotive 
these two effects amounts to a “blow” | no less than the railway bridge destroyed 
of about 12,500 pounds on each track for| by the unaided wind demonstrate that 
each front and rear driver, every fourteen | the recognition is most timely. These 
seconds. The variation of vertical thrust | extremely violent pressures are happily 
in the main connecting rod involves a|of rare occurrence, and the ordinary in- 
correspondingly periodical redistribution | tensities are easily provided against in all 
of the track loads, and as none of these | usual designs. 


effects coincide on the two sides of the | 
locomotive there is generated a tendency 
to “roll” both transversely and longitu- 
dinally, the latter of which frequently 
produces very considerable motion in the 
engine, 

At first sight it would appear that the 
life of a structure must be short under 
such fatiguing duty. It is, however, 
scarcely accurate to call these effects 
“ blows”; in reality they are not “blows,” 





A matter of the greatest practical im- 


| portance is the distribution of the mov- 


ing load, and that importance is intensi- 
fied by the constantly increasing weight 
of locomotives with their tenders. The 
old method of a certain amount of uni- 
form load per lineal foot of track served 
a good purpose in its day, but the re- 
quirements of the present time make it 
necessary that the imaginary uniform lo- 
comotive load should give way to the ac- 
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tual loads applied at wheel points. This | 
observation bears with particular force 
on the design of the floor system and 
those web members near the center of | 
the span, especially when it is borne in| 
mind that these are the members subject 
to the greatest fatigue. It is now clearly 
recognized that in order to find a uniform 
load equivalent to a given number of con- 
centrations, so far as chord or flange 
stress is concerned, the greatest moment 
due to the concentration loads must first 
be found, and then a uniform load which 
will produce the same moment deter- 
mined ; this latter will be the equivalent 
uniform load. The table on next column 
shows the results of this process applied | 
to a consolidation engine and tender | 
weighing 171,000 pounds, with 96,000) 


Equiv. uniform Equiv. uniform 
load in Ibs. per Spanin load in Ibs. per 
lin. foot. feet. lin. foot. 
3750 25 4838 
3866 20 5137 
4004 15 5760 
4242 12 6000 
4336 10 5766 
4572 5 9600 


Span 
feet 
55 
50 

5 
40 
35 
30 


Ibs. for 100 feet and over, 7. e., supposing 
the moving load to consist of a train of 
such locomotives. 


in 


It is very clear, therefore, why the in- 
intensity of the moving load should in- 
crease as the length of span decreases, 
and it is equally clear that in consequence 
of the greater relative value of the moy- 
ing load, stresses as compared with those 
of the fixed load, no less than the inten- 
sified effects of shocks, vibrations, etc., 


pounds on a driving-wheel base of 14 feet | the fatigue of the metal in short spans 


9 inches. 

Above 55 feet the equivalent uniform 
load per lineal foot will slowly decrease 
until it reaches a value of about 3,200 


| will be much greater than in long ones, 
and consequently that the working 
stresses per unit of area should be corre- 
'spondingly less in the former. 





ON THE FRITTS SELENIUM CELLS AND BATTERIES. 


By C. E. FRITTS, New York, N. Y. 
From the Proceedings of the American Association for the Advancement of Science. 


In all previous cells, so far as I am 
aware, the two portions or parts of the 
selenium, at which the current enters and 
leaves it, have been in substantially the 
same electrical state or condition. Fur- 
thermore, the paths of the current and 
of the light have been transverse to each 
other, so that the two forces partially 


neutralize each other in their action upon | 


the selenium. Lastly, the current flows 
through not only the surface layer which 
is acted upon by the light, but also 
through the portion which is underneath 
and not affected thereby, and which 
therefore detracts from the actual effect 
of the light upon the selenium at the 
surface. 

My form of cell is a radical departure 
from all previous methods of employing 
selenium, in all of these respects. In the 
first place, 1 form the selenium in very thin 
plates, and polarize them, so that the op- 
posite faces have different electrical states 


'form a sort of chemical combination, suf- 
ficient, at least, to cause the selenium to 
adhere and make a good electrical con- 
nection with it. ‘lhe other surface of 
the selenium is not so united or com- 
bined, but is left in a free state, and a 
conductor is subsequently applied over 
it by simple contact or pressure. 

During the process of melting and 
crystallizing, the selenium is compressed 
between the metal plate upon which it is 
melted and another plate of steel or 
‘other substance with which it will not 
‘combine. Thus, by the simultaneous ap- 
plication and action of heat, pressure, 
chemical affinity and crystallization, it is 
| formed into a sheet of granular selenium, 
uniformly polarized throughout, and hav- 
ing its two surfaces in opposite phases 
as regards its molecular arrangement. 
The non-adherent plate being removed 
after the cell has become cool, I then 
cover that surface with a transparent con- 





or properties. This I do by melting it | ductor of electricity, which may be a thin 
upon a plate of metal with which it will film of gold leaf. Platinum, silver, or 
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other suitable material may also be em- 
ployed. The whole surface of the sele- 

nium is therefore covered with a good 
electrical conductor, yet is practically 
bare to the light, which passes through 
the conductor to the selenium under- 
neath. My standard size of cell has 
about two by two and a-half inches of 
surface, with a thickness of ;,4, to 
qv inch of selenium, but the cells can, 

of course, be made of any size or form. 

A great advantage of this arrangement 
consists in the fact that it enables me to 
apply the current and the light to the 
selenium in the same plane or general 
direction, instead of transversely to each 
other, as heretofore done, so that I can, 
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cause the two influences to either coin- 
cide in direction and action, or to act 
upon opposite faces of the selenium and 
oppose each other, according to the ef- 
fect desired. ; 

By virtue of the process and arrange- 
ment described, my cells have a number 
of remarkable properties, among which 
are the following : 

1. Their sensitiveness to light is much 
greater than ever before known. The 
most sensitive cell ever produced, pre- 
vious to my investigations, was one made 
by Dr. Werner Siemens, which was 14.8 
times as conductive in sunlight as in 
dark. In Table A, I give results ob- 
tained from a number of my cells. 


E A. 


SENSITIVENESs TO LIGHT. 





Selenium 
cell. 


Battery 
power. 


Resistance in 
dark. 


Resistance in 
sunlight. 


| 





39,000 

14,000 
648,000 
180,000 
135,000 
118,000 
200,000 

56,000 
200,000 
108,000 


22 elements 
93* 
24t 
2! 5 
26 

107 

108 
22 

129* 

137 


5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


ohms 340 ohms 


320 





* Cells No. 23 and No. 129 are now in possession of 
Ww a3 Siemens has No. 


Prof. W. Grylls Adams, of Seege Colings, London; Dr 


25, and Prof. George F. Barker, of Philadelphia, has No. 26 


No. 24 was measured with a bridge multiplier of 6 to1 


It will be observed that I have pro-, 


duced one cell which was 337.5 times as 
conductive in hazy sunlight as in dark. 
The tremendous change of resistance in- 
volved in the expression “337.5 times” 


may perhaps be more fully realized by | 


saying that 99.704 per cent. of the resist- 
ance had disappeared temporarily, under | 
the joint action of light and electricity, | 
so that there remained less than 3; of 1) 
per cent. of the original resistance of the | 
selenium in dark. 

In order to obtain these high results, 
the cells must be protected from light 
when not in use. The resistance is first 
measured while the cell is still in total | 
darkness. It is then exposed to sunlight | 
and again measured. It is also necessary 
to send the current in at the gold elec- 
trode or face, as the cell is much less 
sensitive to light when the light acts 


upon one surface of the selenium, and the 
current enters at the opposite surface. 
When the two influences, the light and 
| the current, act through the gold in con- 
_junction, their forces are united: and as 
every atom of the selenium is affected by 
the light, owing to the extreme thinness 
of the plate, we have the full effect shown 
in the measurements. 

Cells which are sensitive to light im- 
prove by being used daily, and their 
'sensitiveness becomes less if they are 
| laid aside and not used fora considerable 
length of time, especially if allowed to 

become overheated. They should be 
kept cool, and exposed to light frequent- 
ly, whether they are used or not. 

Mode of measuring cells.—So great is 
ene sensitiveness of these cells to exter- 
| aal influences, that it is necessary to 

udopt some particular system in measur- 
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ing their resistance, and to adhere strictly | light other properties yet unthought of. 


to that system, as every change in the | 


Is not here a promising field for experi- 


method of measurement produces a dif- | ment, in testing the various forms of 


ference in the result, and the different 
measurements would not be comparable 
with each other. 
will be explained presently. 


The system I have adopted is the) 


Wheatstone’s bridge arrangement, with 
equal sides, never using multipliers, ex- 
cept for some experimental purpose. 
each multiplier wire I have 500 ohms re- 
sistance. When the bridge is balanced, 
one-half of the current flows through 
the cell and acts upon the selenium. Be- 
tween the bridge and the cell is a re- 
versing switch so that the current can 
be reversed through the cell without 
changing its course through the bridge. 
A Bradley tangent galvanometer is used, 
employing the coil of 160 ohms resist- 
ance. The Leclanché battery is exclu- 
sively used in measurements for compari- 
son. 

2. The kind of battery employed has 
a marked effect upon the sensitiveness to 
light, which is largely reduced or entirely 
destroyed when the bichromate battery 
is used. The same cells again become 
extremely sensitive with the Leclanché 
battery. We might naturally expect that 
a change in the current employed would 
cause a change in the resistance of a cell, 
but it is not clear how or why it should 
affect the sensitiveness of selenium to 
light. 

“Tf one kind of battery current de- 
stroys its sensitiveness, may we not sup- 
pose that another kind might increase 
its sensitiveness? Although the Le- 
clanché has operated well, some other 
may operate still better, and by its spe- 
cial fitness for use on selenium ceils, may 
intensify their actions, and so bring to 


The reason for this | 


In | 


battery already known, or even devising 
some new form especially adapted to the 
needs and peculiarities of selenium 
cells ? 

One year ago I made the foregoing 
suggestion in a paper on “A new Form 
of Selenium Cell,” presented before this 
Association at Minneapolis. I am now 
at liberty to state that my photo-electric 
battery, presently to be described, marks 
an advance in the direction indicated. 
The current from this battery increases 
the sensitiveness of the cells to light, 
and also to reversal of current. One 
cell, whose highest ratio in light was 
about 83 to 1, with the Leclanché battery, 
when measured with my battery, gave a 
ratio of 120 to 1. It seems to make the 
resistance of the cell both higher in dark 
and lower in sunlight than with the Le- 
elanché battery. But the field is yet 
open to others, for the discovery of a 
battery which may be still better for use 
with selenium cells. 

3. The two surfaces of the selenium act 
differently towards currents sent into 
them from the contiguous conductors. 
One surface offers a higher resistance 
to the current than the other. The 
former I utilize as the anode surfaee, as 
I have found that the cell is more sensi- 
tive to light when the current enters at 
that surface, which is ordinarily the one 
covered by the gold or other transparent 
conductor. Some cells have this prop- 
erty but feebly developed; but in one 
instance the resistance offered to the 
current by the anode surface was 256 
times as high as that offered by the 
cathode surface to the same current. In 
the majority of cases, however, the ratio 


Tase B. 


SENSITIVENESS TO REVERSAL OF DiRECTION OF CURRENT. 





No. of cell. Battery. 


Resistance. 
‘* gold anode” 


Resistance, | 
“gold cathode.” | 





5 elements. 


inch sq., No. + 
“is 3 Se. cell. 


ull Size, No. 13 1 element. 
“— © 5 elements 
“ 5 
se 27 | Fj oe 
*© 126 1 element. 








20, 000 ohms. 


1,000 ohms. 
400 * 


800 
130 
210 
440 
330 














oo 


de i ee 
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does not exceed ten times. Table B 
gives some recent results. 

The direction of the current is always 
indicated by stating the position of the 
gold electrode—by the terms “gold 
anode” and “gold cathode.” The above 
measurements were made in dark. 

4. Sensitiveness to change of battery 
power.—My cells are extremely sensitive 
to any change in the strength or charac- 
ter of the current flowing through them, 
which is shown by a corresponding 
change in the resistance of the cell. I 
can, therefore, vary the resistance of one 
of my cells in many ways, and the follow- 
ing may be specified : 

(a) By changing the potential or 
electromotive force of the current through 
the cell. 

(>) By changing the “quantity” of the 
battery or current. 

(c) By putting more or less resistance 
in the circuit. 

(d) By dividing the current by one or 
more branch circuits or shunts around 
the cell. 

(e) By varying the resistance in any or 
all of said circuits. 


These changes of resistance are not 
due to heating of the conductor or the 
selenium, and the following instance will 
illustrate this. I have one cell in which 
the selenium had about one-foyrth inch 
square of surface melted on a brass block 
one inch thick. This cell measured, with 
25 elements of Leclanché, 40,000 ohms. 
On changing the battery to 5 elements, 
the resistance fell instantly to 30 ohms, 
jand there remained. On again using the 
|current from 25 elements, the resistance 
instantly returned to 40,000 ohms. Had 
these results been due in any degree to 
heating, the resistance would have 
changed gradually as the heat became 
| communicated to the brass—whereas no 
jou change occurred, the resistances 
| being absolutely steady. Moreover, even 
the fusion of the selenium would not 
| produce any such change. 
| The “U B” property does not ordi- 
narily change the resistance of the cell 
{to exceed ten times, 7.e., the resistance 
with a weak current will not be over ten 
| times as high as with a strong one. ButI 
have developed the “L B” property to a 
| far higher degree. Table C gives some 





A cell whose resistance becomes recent results obtained with L B cells, 
greater as the battery power becomes including one whose resistance, with 25 
greater, and vice versa, I call an “ L. B.” | elements Leclanché, was 11,381 times as 
cell, signifying Like the Battery power. | high as with 8 elements, and which, after 
A “U. B. cell” is one whose resistance | standing steadily at 123 ohms (and then 
becomes greater as the battery power (or | at 325 ohms with 1 element), on receiv- 
strength of current) becomes less, and |ing the current from 25 elements, again 
vice versa, being Unlike the Battery | returned to its previous figure of 1,400,- 
power or current strength. | 000 ohms. 


TaBie C. 


SENSITIVENESS TO CHANGE OF Barrery Power. 





Resistance with 25 Resistance with 5 


io of change. 
elements. elements. Ratio of change 


No. of cell. 





$ inch sq., No. 40,000 ohms 30 ohms 1,333 to 
ec “ce se 40 ““ 325 “e 
ss 2% ’ 11,381 *“ 


“ec 8,064 “ec 


“e 


se 


TOR Lo 


SC 


“ee 


‘ull size, No. 8 
ae o 


1 : = 561 
82 140 

““ “eé 83 233 
““ © 419 F | 1,894 


Pattee feo 


1 
1 
1 
1 
ate 
1 
1 
1 
1 











* This measurement was obtained with 8 elements. 


The results in the table were obtained | throwing in more or less of the battery. 
by changing the strength of current by | Like results can be obtained by varying 
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the current through the cell by any of the | 
The 


other methods before specified. 
above measurements were in dark. 

5. Dual state of selenium.—My cells, | 
when first made, seem to have two states | 
or conditions. In one, their resistance is | 
very low, in the other it is high. When, 
in the low state they are usually not very | | 
sensitive, in any respect. I therefore | 
raise the resistance by sending an inter- | 
mittent oran alternating current through 
the cells, and in their new condition they 
at once become extremely sensitive to 
light, currents, and other influences. In 
some cases they drop to the low state 
again, and require to be again brought up 
until, after a number of such treatments, 
they remain in the sensitive state. Oc- 
casionally a cell will persist in remaining 
in the insensitive state. The before-men 
tioned treatment raises it up for a mo- 
ment, but, before the bridge can be bal- 
anced and the resistance measured, it 
again drops into the low or insensitive 
state. Some cells have been thus stimu- 
lated into the high or sensitive state re. 
peatedly, and every means used to make 
them stay there, but without avail; and 
they have had to be laid aside as intract- 
able. 

In the earlier stages of my investigations, 
‘before the discovery of this dual state and 
the method of changing a cel] from the in- 
sensitive to the sensitive condition, hun- 
dreds of cells were made, finished, and 
tested, only to be then ruthlessly de- 


zero to infinity, and the reverse, instantly 
—is one whi Zz suggests some very far- 
'reaching inquiries to the electrician and 
‘the physicist. What is the nature of 
electrical conductivity or resistance, and 
‘how is it so greatly and so suddenly 
changed ? 

6. Radio-electric current generutors.— 
|My cells can be so treated that they will 
generate a current by simple exposure to 
light or heat. The light, for instance, 
passes through the gold and acts upon 
its junction with the selenium, develop- 
ing an electromotive force which results 
in acurrent proceeding from the metal 
back, through the external circuit, to the 
gold in front, thus forming a photo-elec- 
tric dry pile or battery. It should pref- 
erably be protected from overheating by 
an alum-water cell or other well-known 
means. 

The current thus produced is radiant 
energy converted into electrical energy 
directly and without chemical action, and 
flowing in the same direction as the 
original radiant energy, which thus con- 
tinues its course, but through a new con- 
ducting medium suited to its present 
form. This current is continuous, con- 
stant, and of considerable electromotive 
|foree. A number of cells can be ar- 
ranged in multiple are or in series, like 
any other battery. The current appears 
instantly when the light is thrown upon 
the cell and ceases instantly when the 
light is shut off. If the light is varied 





stroyed and melted over, under the im- 
pression that they were worthless. Now, 
I consider nothing worthless, but expect | 
sooner or later to make every cell useful | 
for one purpose or another. 

The most singular part of this phenom- 
enon is the wide difference in the resist- 
ance of the cells in the two states. In| 
the low state it may be a few ohms, or | 


even a few hundredths of an ohm. In| 


properly, by any suitable means, a tele- 
phonic or other corresponding current 
is produced, which can be utilized by 
any suitable apparatus, thus requiring 
‘no battery but the selenium cell itself. 
|The strength of the current varies with 
the amount of light on the cell, and 
| with the extent of the surface which is 
‘lighted. 

I produce current not only by expo- 


the high state, it is the normal. working | sure to sunlight, but also to dim diffused 
resistance of the cell, usually between | daylight, and even to lamplight. I 
5,000 and 200,000 ohms, but is often up | have used this current for actual work- 
among the millions. The spectacle of a|ing purposes—among others, for meas- 
little selenium being stimulated, by a few | uring the resistance of other selenium 
interruptions of the current through it, | cells, with the usual Wheatstone’s bridge 
into changing its resistance from a/arrangement, and for telephonic and 
fraction of an ohm up to a million or|similar purposes. Its use for photo- 
several millions of ohms, and repeatedly | metric purposes and in current-regu- 
and instantly changing back and forth, | lators, will be mentioned farther on. It 
up and down, through such a wide range | is undoubtedly available for all uses for 
—we might almost say, changing from'which other battery currents are em- 
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ployed, and I regard it as the most con- | 


stant, convenient, lasting, readily used 
and easily managed pile or battery of which 
I have any knowledge. On the commer- 
cial scale, it could be produced very 
cheaply, and its use is attended by no 
expense, inasmuch as no liquids or 
chemicals are used, the whole cell being 
of solid metal with a glass in front, for 
protection against moisture and dust. It 
can be transported or carried around as 
easily and safely as an electro-magnet, 
and as easily connected in a circuit for 
use wherever required. The current, if 
not wanted immediately, can either be 
“stored” where produced, in storage 
batteries of improved construction de- 
vised by me, or transmitted over suitable 
conductors to a distance, and there used, 
or stored as usual till required. 

7. Singing and Speaking Cells. — 
When a current of electricity flowing 
through one of my selenium cells is 
rapidly interrupted, a sound is given out 
by the cell, and that sound is the tone 
having the same number of air vibrations 
per second as the number of interrup- 
tions in the current. The strength of 


the sound appears to be independent of 


the direction of the current through the 
cell. It is produced on the face of the 
cell, no sound being audible from the 
back of the cell. An alternating cur- 
rent also produces a sound correspond- 
ing to the number of changes of direc- 
tion. Experiments also show that, if a 
telephonically undulating current is 
passed through the cell, it will give out 
the speech or other sound corresponding 
to the undulations of the current—and, 
furthermore, that cell will sing or speak 
in like manner, without the use of a cur- 
rent, if a suitably varied light is thrown 
upon it while in closed cirenit. 

My experiments having been devoted 
especially to those branches of the sub- 
ject which promised to be more immedi- 
ately practically valuable, I have not 
pursued this inquiry very far, and offer 
it for your consideration as being not 
only interesting, but possibly worthy of 
full investigation. 


GENERAL OBSERVATIONS ON THE PROPERTIES 


OF CELLS. 


From the number of different proper- 
ties possessed by my cells, it might be 
anticipated that the different combina- 


tions of those properties would result in 
ceils having every variety of action. This 
is found to be the case. As a general 
rule, the cells are noteworthy in one re- 
spect only. Thus, if a cell is extremely 
sensitive to light, it may not be be spe- 
cially remarkable in other respects. As 
a matter of fact, however, the cells 
most sensitive to light are also “U B 
cells.” 

The property of sensitiveness to light 
is independent of the power to generate 
current by exposure to light—the best 
current-generating cells being only very 
moderately sensitive to light, and some 
of the most sensitive cells generate 
scarcely any current at all. Current- 
generating cells are, almost without ex- 
ception, *U B cells;” and the best cur- 
rent-generating cells are strongly polar- 
ized, showing a considerable change of 
resistance by reversing the direction of a 
current through them ; and they are also 
strong “anode cells,” 7. e., the surface 
next to the gold offers a higher resistance 
to a battery current than the other sur- 
face of the selenium does. The power 
to generate a current is temporarily 
weakened by sending a battery current 
through the cell while exposed to light, 
in either direction. The current gener- 
ated by exposure to light is also weak- 
ened by warming the cell, unless the cell 
is arranged for producing current by ex- 
posure to heat. 

The properties of sensitiveness to light 
and to change of battery power are in- 
dependent of each other, as I have cells 
which are sensitive to change of current 
but absolutely insensitive to light—their 
resistance remaining exactly the same 
whether the cells are in darkness or in 
sunlight. I also have cells which are 
sensitive to light, but are unaffected by 
change of battery power, or by revers- 
ing the direction of the current through 
them. 

The sensitiveness to change of battery 
power is also independent of the sensi- 
tiveness to reversal of direction of the 
current. Among the best “L B cells,” 
some are “anode cells” and others are 
“cathode cells,” while still others are 
absolutely insensitive to reversal of cur- 
rent, or to the action of light. 

Constancy of the Resistunce.—A no- 
ticeable point in my cells is the remark- 
able constancy of the resistance in sun- 
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light. Allowing for differences in the|cost would be small. I may say here 
temperature, the currents, and the light, | that I do not make cells for sale. 

at different times, the resistance of a cell! The applications or uses for these cells 
in sunlight will remain practically con- | are almost innumerable, embracing every 
stant during months of use and experi-| branch of electrical science, especially 
ments, although during that time the|telegraphy, telephony and electric light- 
treatments received may have varied the |ing, but I refrain from naming them. I 
resistance in dark hundreds of thousands | may be permitted, however, to lay before 
of ohms—sometimes carrying it up, and | you two applications, because they are of 
at others carrying it down again, per-'such general scientific interest. The 


haps scores of times, until it is ‘ma. | 
tured” or reaches the condition in which 
its resistance becomes constant. 

As has already been stated, the sensi- | 
tiveness of a cell to light is increased by | 
proper usage. This increased sensitive- | 
ness is shown, not by a lowered resist- 
ance in light, but by an increased resist- 
ance in dark. This change in the cell 
goes on, more or less rapidly, according 
as it is retarded or favored by the treat- 
ment it receives, until a maximum is 
reached, after which the resistance re- 
mains practically constant in both light 
and dark, and the cell is then “ matured ” 
or finished. The resistance in dark may 
now be 50 or even 100 times as high as 
when the cell was first made, yet, when- 
ever exposed to sunlight it promptly 
shows the same resistance that it did in 
the beginning. The various treatments, 
and even accidents, through which it has 
passed in the meantime, seem not to have 
stirred its molecular arrangement under 
the action of light, but to have expended 
their forces in modifying the positions 
which the molecuies must normally as- 
sume in darkness. 

Practical Applications.—There are 
many peculiarities of action occasionally 
found, and the causes of such actions are 
not always discernible. In practice, I 
have been accustomed to find the pecu- | 
liarities and weaknesses of each cell by 
trial, developing its strongest properties 
and avoiding its weaknesses, until, when 
the cell is finished, it has a definite and 
known character, and is fitted for certain | 
uses and a certain line of treatment, | 
which should not be departed from, as 
it will be at the risk of temporarily dis- | 
abling it. In consequence of the time} 


first is my 

Photometer.—The light to be measured 
is caused to shine upon a photo-electric 
current-generating cell, and the current 
thus produced flows through a gal- 
vanometric cvil in circuit, whose index 
indicates upon its scale the intensity of 
the light. The scale may be calibrated 
by means of standard candles, and the 
deflections of the index will then give ab- 
solute readings showing the candle-power 
of the light being tested. Or, the cur- 
rent produced by that light and that pro- 
duced by the standard candle may be 
compared, according to any of the known 
ways of arranging and comparing differ- 
ent lights—the cell being lastly exposed 
alternately to the two lights, to see if the 
index gives exactly the same deflection 
with each light. 

This arrangement leaves untouched 
the old difficulty in photometry, that aris- 
ing from the different colors of different 
lights. I propose to obviate that diffi- 
culty in the following manner. As is 
well known, gold transmits the green 
rays, silver the blue rays, and so on; 
therefore, a cell faced with gold will be 
acted upon by the green rays, one faced 
with silver by the blue rays, etc. Now 
if we construct three cells (or any other 
number) so faced that the three, collec- 
tively, will be acted upon by all the colors, 
and arrange them around the light to be 
tested, at equal distances therefrom, each 
cell will produce a current corresponding 


to the colored rays suited to it, and all 


together will produce a current corre- 
sponding to all the rays omitted by the 
light, no matter what the proportions of 
the different colors may be. The three 
currents may act upon the same index, 


and labor expended in making cells, in| but each should have its own coil, not 
the small way, testing, repairing damages only for the sake of being able to join or 
done during experiments, etc., the cost of to isolate their influences upon the in- 
the cells now is unavoidably rather high. | dex, but also to avoid the resistances of 
But if made in a commercial way, allthis the other cells. If a solid transparent 


would be reduced to a system, and the! conductor of electricity could be found 
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which could be thick enough for practical! | and this motion is utilized for changing 
use and yet would transmit all the rays| resistances, actuating a valve, rotating 
perfectly, 7. ¢., transmit white light un- | brushes, moving switches, levers, or other 
changed, that would be still better. I| devices. This has been constructed ona 
have not yet found a satisfactory conduc- | small scale and operates well, and I think 
tor of that kind, but I think the plan | it is destined to be largely used, as a 
stated will answer the same purpose. most sensitive, simple and perfect regu- 
This portion of my system I have not lator for currents, lights, dynamos, mo- 
practically tested, but it appears to me tors, etc., etc., whether large or small. 
to give good promise of removing the! Jn Conclusion, I would say that the 
color stumbling-block which has so long investigation of the physical properties 
defied all efforts to remove it, and I of selenium still offers a rare opportunity 
therefore offer it for your consideration. | for making very important discoveries. 
Photo-Electrie Regulator.—My regu-| But candor compels me to add that who- 
lator consists of a current-generating cell| ever undertakes the work will find it 
arranged in front of a light, say, an elec-| neither an easy nor a short one. My own 
tric lamp whose light represents the) experience would enable me to describe 
varying strength of the current which | to you scores of curious experiments and 
supports it. The current produced in| still more curious and suggestive results, 
the cell by this light flows through an/ but lack of time prevents my giving 
electro-magnetic apparatus by means of | more than this very incomplete outline of 
which mechanical movement is produced, | my discoveries. 
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By SYDNEY WALKER BARNABY, Assoc. M. Inst. C. E. 
Proceedings of the Institution of Civil Engineers. 


II. 


DISCUSSION. ‘launch driven by what he had called a 

Sir J. W. Bazareerre, C. B., President, | screw-turbine propeller. It had been 
said, in proposing a vote of thanks to Mr. already described at the Institution and 
Barnaby for his interesting paper, that it | elsewhere, and he only alluded to it be- 
was just thirty years since the subject cause it was really the outcome of the 
was discussed at the Institution. ‘The | hydraulic-boat. It had been pointed out 
record of that discussion was very in the paper that there were four fea- 
meager, and perhaps it was well that it| tures in the Ruthven form of pump which 
was so, for report stated that the discus- | militated against its success as a propeller. 
sion was exceedingly animated, and some- | In the first place, there was the difficulty 
what personal, and that the language | of getting the water through the bot- 
used on that occasion was not altogether | tom of the boat and into the pump without 
parliamentary. He was sure that on the | checking the velocity it already had rela- 
present occasion the discussion would be tive to the vessel. In the second place, 
animated ; he was equally sure that it | there was the disadvantage of the extra 
would be conducted without any per-|weight of machinery involved by the 
sonal feeling, in a perfectly “ parliament- | necessity of carrying all the water acted 
ary” manner ; and he could also promise upon. ‘Thirdly and fourthly, there was 
that a true and complete record of the | the loss by friction and by bends in the 
discussion would be given. passages. In working out the hydraulic- 
Mr. Sydney W. Barnaby asked per-| boat, it occurred to Mr. Thornycroft 
mission to call attention to a diagram | that if the turbine could be put outside 
which had not been alluded to in the|the boat and under the bottom, the 
paper, but was illustrated by a model on | first two causes of loss would be avoid- 
the table. It represented a small steam|ed. It was also clear that if the water 
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could be made to flow axially through 
the turbine instead of centrifugally, as 
in the Ruthven pump, no pipes would 
be needed, and there would be no loss 
by friction or by bends. This was what 
had really been done in the boat, illus- 
trated by the diagram and model, to 
which he had referred. It might be said 
that it was not a turbine, but it would 
certainly be an abuse of language to call 
it a screw. He thought it might be 
fairly described as a screw-turbine pro- 
peller. Another point in its favor was 
that at least as light a draught (and in 
some cases a lighter) could be obtained 
as with an actual centrifugal pump in- 
side the boat. In the second class tor- 
pedo-boat, if a screw-turbine propeller 
had been used, its diameter would have 
required to have been 21 inches only, 
and the draught could have been re- 
duced from 2 feet 6 inches, which it 
was when fitted with the turbine, to 2 
feet 2 inches. Therefore, the principal 
point which Lord Dufferin’s Committee 
had mentioned as a reason for a further 
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trial of the turbine propeller had been 
secured by a simpler method avoiding a 
great many of its disadvantages. ‘he 
steering power also was very superior 
with the turbine underneath the bottom 
and near the end to what it was with the 
nozzles in the ordinary hydraulic-boat, the 
reason being that almost the full power 
of the engines was used in both cases ; 
but in the steam-launch (Plate 1) it acted 
upon a leverage of half the length of 
the boat instead of a leverage of half the 
breadth, as in the case of the hydraulic- 
boat. He thought it might therefore be 
taken that that was at any rate one solu- 
tion of the problem of hydraulic propul- 
sion. 

Mr. M. W. Ruthven said that the au- 
thor had taken some trouble to show that 
great losses were sustained by the hy- 
draulic mode of propulsion; the ques- 
tion, however, was not how much loss 
was due to the hydraulic method, but 
was the loss less or greater than by the 
screw? The safest way to get at that 
was by a comparison of the results. It 
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was for this purpose that the trials of|and Vixen; but as the results of the 
the Waterwitch, Vixen and Viper, had trials of those vessels varied so much 
been undertaken, though a comparison | they did not form a satisfactory compari- 


might also be made with the screw in 
other ships. The author had chosen to 
compare the Waterwitch only with the 
Viper, and with a particular trial; but 
as the results of the trials of the Viper, 
and Vixen varied nearly 60 per cent., the 
only approach to accuracy would be the 
mean of all the trials of both ships, ‘com- 
pared with the mean of all the trials of 
the Waterwitch. When that was done 
it would be found that the efficiency of 
the hydraulic propeller was within 3 per 
cent. of the screw propeller.in the Viper 


\son. There was, however, a class of 
'vessels called the Philomel class, with 
| Similar engine and boiler-power to that 
i= the Viper and Vixen, whose perform- 
jance varied less. Now comparing the 
| coefficients of this superior class of ships 
with the coefficients of the Waterwitch, 
it would be found that the hydraulic- 
propeller in the Waterwitch was more 
than 12 per cent. better than the screw- 
propeller in the Philomel class. In Table 
1 the coefficient of the hydraulic-propel- 
ler in the Waterwitch was putas 116.9, 
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while that of the Swedish boat was 52.5, | answer to a letter of the 20th of March, 
showing that the former was 122 per | 1878, said that the proposition which he 
cent. better. The Thornycroft was stated | had laid down as the basis of his view 
to be 72, giving the hydraulic-propeller | was one with which Mr. Froude was fa- 
in the Waterwitch a superiority of 62! miliar, and he went on to ask,in what way 
per cent. In Table II., however, this | Captain Heathorn proposed to apply it to 
seemed reversed, for the total efficiency|the propulsion of ships. His answer 
of the hydraulic-propeller in the Water-|was: Contract the orifices or jets of 
witch was put as 0.180, in the Swedish|H. M. 8S. Waterwitch to a certain form, 
at 0.214, and in the Thornycroft boat at| and do the same to the exit ends of the 
0.250. Now the use of the column of|screw channels of H. M. S. Bruiser. 
coefficients was to afford a comparison of | Screw channels, he believed, were invent- 
efficiency, and this being so, that column ed by the late Mr. Griffith. Now that 
in Table 2, showing a total efficiency, |the Admiralty had a boat he hoped that 
must keep the same relations as in ‘lable | they would persevere, and find out what 
1. Mr. Froude, he believed, found that | hydraulic power really was. 
a good screw had a total efficiency of} Admiral Selwyn considered the paper 
0.40. Taking this to be correct, and see- | an important contribution to the history 
ing that the hydraulic-propeller in the | of the subject. If any means could be 
Waterwitch was superior to the screw | adopted, even at tbe sacrifice of speed, 
by 12 per cent., its total efficiency was|to prevent ships and their crews going 
thus proved to be 0.44; and unless the | suddenly to the bottom by the impact of 
author could show that the total efficiency | a torpedo or a ram, he was sure English- 
of the screw-propeller was less than 0.18, | men would advocate spending a little 
he must be wrong in putting the total | more money for the extra power required 
efficiency of the hydraulic-propeller in | to give the necessary velocity, and at the 
the Waterwitch at that figure. /same time secure the other advantages. 
Captain Heathorn observed that five| He doubted the accuracy of the state- 
years ago Mr. Ruthven had given him | ment in the paper that the principles un- 
copies of the tables of the various trials | derlying the subject were perfectly un- 
to which he had referred, and he had} derstood; he thought that, otherwise, 
himself given copies to many members | none of the experiments would have been 
of the Institution. He only hoped that|made on the basis on which they had 
every possible experiment would be tried | been carried out in the Waterwitch and 
to see if greater velocities could not be|the other similar vessels. The hydrau- 
obtained. Mr. Thornycroft had invented |lic arrangement seemed to present ad- 
something like a Giffard’s injector, and| vantages which were apart from its 
had obtained a good result. The force|use as a propeller; but wherever it 
was a flow of water instead of steam;|was necessary to put a scoop into the 
surface friction was at work and pro-| bottom of a ship it would be found that 
duced the required result. About eleven | there is a strong objection to it, because 
months before his recognition of surface | the scoop would be the first thing to en- 
friction as a means of propulsive effort, | counter the ground on getting into shal- 
Captain Heathorn had tried experiments | low water. It would not, therefore, be 
with many kinds of orifices, and found liked for that purpose, however applicable 
that the force of a stream of water, from |it might be toa torpedo boat. He had 
a pipe under water, in the still water sur- lost all faith in coefficients. He had late- 
rounding was, when once the flow began, | ly seen a statement that the large and 
not so much dependent on its sectional | fast steamer, the Phzton, sister ship to 
area, as on the surface contacts; and that| the Iris, had had about 600,000 Ibs. 
if the area of contact was larger in pro-| weight of engine taken out, the engine- 
portion to the area of the section of the| power being reduced from 7,000 H. P. 
flow from a round pipe in one case and|to 5,000, and had been driven faster 
one of another form in the other, greater |(more than 18 knots, with the same dis- 
surfaces set up greater friction, greater | placement and the same shape), and he 
speed resulted and less water was used. confessed that coefficients would require 
The Admiralty had put him in communi- a little more explanation before he could 


cation with the late Mr. Froude, who, in! recognize their applicability to the sub- 
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ject. Engineers were apt to make a for- | 
mula to fit certain cases, and to lay it) 
down that those cases were the rule, and | 
that all abnormal cases, as they were 
called, were the exception. It was 
strange that with the addition of 600,000 | 
lbs. to the armor-plated deck, one vessel 
with 5,000 H. P. went 18.3 knots an hour, 
while the other vessel with 7,000 H. P. 
went 18 knots. An experiment men- 
tioned to him some years ago by Mr. | 
Gwynne, of Hammersmith, gave the fol- | 
lowing results: Diameter of disk, 304. 
inches; orifice, 8 inches; revolutions, | 
800 per minute; indicated H. P., 100; 
head attained 90 feet, with a discharge | 
of 800 gallons per minute; thus, there | 
was a pressure of 45 lbs. per square inch. 
The effective thrust was 2 tons. Of| 
course, to the 45 lbs. per square inch | 
would have to be added the 800 gallons | 
per minute discharged at the top of the 
90 feet. There was an important anom- | 
aly in all the records of the Waterwitch. | 
Engineers would readily admit that there 
was no departing from the law of action 
and reaction being equal and contrary, | 
and when any one told him that a pump, | 
whose peripheral velocity was 29.3 feet 
per second, gave a velocity of discharge 
of 29 feet per second, he thought some 
other explanation should be sought than 
that which was found in the pump itself. 
Unless the velocity of the feed was there 
utilized, he did not see how such an ef- 
fect could be produced. If it were pro- 
duced, the pump would be undoubtedly 
an absolutely efficient machine. It might | 
be expected that as the disk-pumps were 
enlarged there would be an increase of 
efficiency. All experience pointed to 
that. While in the smaller pumps the 
velocity of the issuing water was not 
more than about 50 per cent. of the pe- 
ripheral ‘velocity, in the larger pumps 60, | 
and even 70, per cent. had been obtained. | 


Distrusting formulas, he took the per-| 
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‘not the anomaly in the Waterwitch be at- 


tributed to the velocity of feed from 
those inlets? A set of mouths, immedi- 
ately under the pump, scooped down- 
wards, as was the case in the later trials 
of the Waterwitch would give a certain 
velocity of feed into the pump, and that 
might be added to the peripheral velocity, 
so explaining what otherwise seemed to 
be utterly inexplicable? He had found 
that various sources were accessible for an 
account of the revolutions of the Water- 
witch engines, and while he had found 
them sometimes stated at forty-two, they 
occasionally descended to forty per min- 
ute. Engineers, he thought, would be 
thoroughly aware of the vice of taking 
revolutions either through another ob- 
server or at a different time from that at 
which the indicator diagrams were ac- 
corded. Any possible H. P. might be 
indicated in such a way, and give rise to 
a very false basis of coefficients. It ap- 
peared that in the Thornycroft propeller 
a velocity of 56 feet per second had been 
obtained—he presumed a peripheral ve- 
locity—and the velocity of discharge was 
37.25 feet. That velocity was much more 
important than quantity of discharge. 
The volume did not matter in the least in 
regard to the velocity obtained. The 
whole power of the engines might be 
thrown away in lifting a mass of water, 
but if the necessary velocity to produce 
the speed sought was not communicated 
to the water, most engineers would say 
it was vain to seek it at all. It would be 
interesting to try an experiment first by 
towing the boat with her inlet so ar- 
ranged and her scoop so arranged at the 
velocity which she had obtained with the 
engines at rest. It would then be seen 
how much the velocity of the inlet-water 
was diminished by passing through the 
pump at rest. Next, to tow the boat 
with such revolutions of her engines as 
would give a peripheral velocity equal to 


centage by calculating the revolutions the speed of the boat. And, lastly, at 
into the circumference, finding the pe-| the calculated velocity of feed. Those 
ripheral velocity of the disk from that, | three experiments would bring out exact- 
and getting the discharge as a percent-! ly the efficiency produced by the feed as 
age of that peripheral velocity. When | distinguished from that produced by the 
37.2 feet per second had been obtained | pump. Now, supposing that the revolu- 
as the velocity of discharge, and the ve-| tions of the screw-engines had not been 
locity of feed was 20 feet per second, he changed, but that the diameter of the 
presumed that only 17.2 feet per second/nozzles had been diminished from 9 
had been communicated by the engine to|inches to 6 inches, and the disk in- 
the water. If that was the case, might | creased to 2 feet 9 inches, what might be 
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expected? He thought it would be 
found, taking the basis obtained by the 
author’s experiments of 56 feet periph- 
eral velocity, and 37 feet velocity of 
discharge, that 60 ft. per second velocity | 
of discharge should be obtained with 91 
ft. per second velocity of periphery. 
That would correspond, provided the 
water thrown was sufficient to bring out) 
a proportionate pressure. He was not 
aware whether the pressure per square 
foot. of midship section to drive the boat | 
17.3 knots per hour had been calculated, | 
but, whatever it was, it could no doubt | 
be made up. The velocity of 91 ft. per’ 
second peripheral, and 60 ft. discharge, | 


the bilge-water and the other water. He 
thought it would certainly take a larger 
quantity from the easier path of the in- 
let, but that it would take a portion from 
the bilge that would probably be suffi- 
cient to keep the boat from sinking, or 
result in so far prolonging its floating 
above water as to save human life. That 
result would be sufficient to justify any 
trials. It could scarcely be supposed 
that in the event of another war there 
would not be a lesson to learn as to the 
effects of rams and torpedoes. Mr. 
Thornycroft had done so much and so 
well in providing the means of destroy- 
ing the British and other navies that it 


would give about 17.7 knots per hour. | was only fair to ask him to throw a little 
He was sure that would be impracticable | of his energy, skill, and genius into the 
with a less speed of discharge water. If| question of how to save human life and 
the number of revolutions per minute the expenditure of ships. 

were diminished, the speed of the boat; Sir Edward J. Reed, K. C. B., M. P., 
could be arranged without any possibility | thought the paper was a very important 
of change. Every experiment he had | contribution to the knowledge of the sub- 
made brought out the fact that the speed | ject of hydraulic propulsion. The last 
of revolutions was indissolubly connect- | bearing on the subject was the compari- 
ed with the speed of the boat. If,|son, referred to by Mr. Ruthven and 
therefore, the principles underlying the | other speakers, between the Viper and 
subject had been thoroughly understood, | the Waterwitch. Admiral Selwyn had 
the first question asked would have been, | expressed his distrust of coefficients and 
“ What speed is it wished to get from the of formulas, and Sir Edward Reed sup- 
boat?” That would govern the revolu-| posed that all engineers distrusted them 
tions, or the revolutions multiplied into | when they only tock account of a frac- 
the periphery of the disk. The disk|tional part of the circumstances they 
might be made a little larger and then | wished to consider. There were very pe- 
the revolutions might be diminished, or culiar circumstances in the case of the 
the revolutions might be increased and Viper and Waterwitch trials. In the 
the disk diminished. But, as Mr. |first place he might say, as the designer 
Gwynne’s experiments showed eight) of the boat, that the Viper was about the 
hundred revolutions producing a thor-| very worst screw-propelled vessel that 
oughly good effect, with one 8-inch issue, | had ever been built, and that for a very 
there need be no fear. He had himself | good and sufficient reason. She had to 
driven a small 1-foot pump at one thou-|be designed to pass through certain 
sand revolutions, and on the basis to | locks; her length and her breadth, there- 
which he had referred he had ob-/| fore, were arbitrarily determined, and her 
tained exactly the calculated speed of depth, also, had been similarly deter- 
the boat. The pressure per square foot mined. Having thus a parallelopipedon 
midship section was, as nearly as he could | which was to embrace the Viper, there 
make out, at the velocity and size of noz-| had to be carried by it certain armor and 
zle stated, 120 Ibs. He presumed that! guns, and particularly as much as pos- 
that would be scarcely sufficient for a sible of the armor. The speed was of 
speed of 17.7 knots per hour, but it could very minor importance, and it had been 
be easily increased. In regard to the! deliberately subordinated to the armor- 
possibility of pumping the ship out with carrying and gun-carrying power. It 
the full power of the engines, if any is-| would therefore be seen that the Viper 
sue was opened from a drowned com-|and Vixen were rectangular boxes, 
partment (where the water must be on a | slightly improved, with small regard to 
higher level) to the turbine, he failed to propulsive advantages, and he thought 
see why the turbine should choose between | they were about as bad vessels as could 
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vessel at a little over 17} knots. Admi- 
ral Selwyn had referred to the state- 
ment in the paper that the jet as a pro- 


l 
have been designed. Admiral Sir George | 
Elliot, impressed, like Admiral Selwyn | 
and many others, with the grcat advan- 
tages of hydraulic propulsion to Her) peller might be taken asa little better 
Majesty’s ships at sea, put a strong) than a screw, but he had forgotten to 
pressure upon the Admiralty to get the! complete the sentence: “ But the loss in 
hydraulic propeller tried, and holding at | the pump is a dead loss, and represents 
the time a high official position, and being | about half of the power.” He did not 
an officer of great experience at sea, and| know what the experience of others 
of much deserved influence, he succeeded | might be, but he could say for himself 
in inducing the authorities to try a hy-| that, if he had to devise a fast or any 
draulic propeller in a vessel of the class | other steam vessel, to lose half the power 
referred to, or a vessel of about the) in order to secure an efficient propeller, 
same dimensions. There were reasons, would be a very sad imposition to have 
however, tending to show (the figures| placed upon him. He was unable, as he 
given by the author did not fully demon- | always had been, to anticipate any satis- 
strate it, but he had no doubt Mr. Ruth-/| factory result from the hydraulic system 
ven would readily, concur) that the form | of propulsion as applied by means of in- 


of the Waterwitch was superior to that | 
of the Viper and the Vixen, because, | 
when she was designed, some ee 
imposed upon the other vessels had been | 
removed. A considerable improvement | 
in form was realized, and the trials 
were made, and, as far as his memory 
went, the figures given by the author 
fairly represented the state of the 
case, 

Taking Mr. Ruthven’s figures, it would 
be seen that the bad screw-propelled ves- 
sel was a little better than the hydraulic- 
propelled vessel, even at the low speed 
of 94 knots per hour. The trial certain- 
ly made a good show for the hydraulic 
‘propeller by comparison with a bad 
screw-vessel—a better result than had 
been expected by many persons; but 





ternal pumps in the ship. He sympa- 
thized with the objects that Admiral Sel- 
wyn and other naval officers had in view, 
and he should be delighted to see grow- 
ing out of the discussion some relief 
from the loss which the system always 
involved when so applied. He confessed 
that his sympathies went very strongly 
in favor of the apparatus described by 
the author after the reading of his paper, 
viz., the application outside the vessel of 
an arrangement by which the good ef- 
fects of hydraulic propulsion might be 
obtained in a large degree without its 
serious disadvantayes. With regard to 
Mr. Ruthven’s reference to the mode of 
conducting the trials, he thought he 
ought in fairness to say that everything 
had been done at the time that could, in 


what would happen when higher speeds} reason, be done to satisfy Admiral El- 
were attempted? The author’s paper liot, who was known to be more or less 
contained a case in point. The Govern-| in communication with Mr. Ruthven. He 
ment had sought to give effect to the|had also to state that he believed that 
recommendation of some of the mem-/the consideration of the subject had 
bers of Lord Dufferin’s committee, or of | been brought to an end because the dis- 
the committee itself. They had gone to| cussions between Admiral Elliot and the 
a gentleman who had distinguished him- | Admiralty had passed away from the ef- 
self in the design and production of ves-| ficiency of the jet system to questions 
sels of the torpedo class, Mr. Thorny- | about the indications of power in the en- 
croft, to whose genius the introduction | gines of the Waterwitch, and other col- 
of these light and extremely fast vessels | lateral matters, so that the essential part 
was due, and they had asked him to do|of the subject had in some way fallen 
the best he could in establishing a com- | out of discussion. He was sure it would 
parison between the hydraulic and the) be the desire of the council and of the 
screw propeller designed for high speed. | members that every possible opportunity 
The result was, that with a given H. P. | should be given to gentlemen capable of 
in two vessels, made as nearly alike as| discussing the subject, to direct the 
the circumstances would admit, the hy- | minds of the members to some methods, 
draulic vessel steamed at a little over 124 if methods there were, by which to get 
knots per hour, and the screw-propelled rid of the enormous loss sustained with- 
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ina ship by the application of the hy- 

draulic system for its propulsion. 
Admiral Sir George Elliot, K. C. B., 

said he would not venture to enter the 


domain of science; all that he knew of | 


hydraulics he had learned from personal 
observation of the practical results which 
had been hitherto obiained. He was 
greatly pleased when he heard that the 
subject was to be discussed by the In- 
stitution, on account of the great ad- 
vantages to navigation which would ac- | 
crue even from a partial application of | 
hydraulic propulsion to ships. He did) 
not think that hydraulic propulsion had 
ever yet had fair play; it had never yet | 
been tried on its merits. Certain con- 
ditions had been attached to the experi- 
ments which he thought had marred the | 
best efforts of engineers. The Nau- 


tilus had not been designed with the sole | 


view of developing hydraulic motive 
power in a ship; the owner had a com- 
mercial object in view. He looked to a 
commercial enterprise, inasmuch as the 
vessel was designed to run up the 


Thames to Richmond; consequently, | 


with a light draught, and having to carry 
a large number of passengers, she had 


full lines ; still the speed realized by that | 


vessel was 94 knots per hour. He 
thought the author had made a mistake 
when he said 8.32 knots. She was raced 
on the river, against a vessel called the 
Volunteer, down to Gravesend, and she 
distanced her. The Volunteer was a 
vessel of 24 H. P., whilst the Nautilus 
was 20 H. P. She afterwards raced con- 
stantly with the Citizen boats, and to his 
knowlege she beat them. Then a chal- 
lenge was held out to any paddle-boat 
on the river, but it was not accepted, al- 
though an offer was made to pay the ex- 
penses. No one could say that the 
Waterwitch was a good specimen of naval 
architecture in which to try an experi- 
ment. The constructors had a very dif- 
ficult task in making armor-clad gun- 
boats, and the designer looked upon them 
as very bad specimens of naval architec- 
ture. However, the Waterwitch, in her 
first trial at the Maplin Sands realized a 
speed of 10 knots per hour. 

At that time in a contest between the 
Viper and the Vixen, her two sister ves- 
sels, the latter was the slower of the two, 
therefore the trials afterwards took place 
between the Viper and the Waterwitch ; 

Vor. XXXIT.—No. 5—28 


‘the former vessel at the Maplin Sands 


obtained the same speed as the Water- 


witch, They were afterwards taken to 


Portsmouth where the trials went on. 
The builder’s trim of the Viper was 1 
foot at the stern, at which she was run 
at the Maplin Sands ; but at Portsmouth 
'she was brought down to 2 feet at the 
stern, and the bow lines were thus 
lengthened, whilst the Waterwitch was 
| ‘compelled to remain on an even keel. The 
trials gave the advantage to the Viper of 
¢ of a knot speed. In the Waterwitch 
‘the water came in to the turbine from 
forward through a canal, with holes per- 
'forated in the bottom. The turbine was 
raised unnecessarily high, and the dis- 
charge pipes were raised still higher, in 
order to test the differences bet ween dis- 
‘charging the water above water when she 
was at her light trim, and in the water 
when she came down to her load draught. 
He considered both these features to 
have been adverse to the success of the 
hydraulic method of propulsion. Those 
vessels went to sea, but they were found 
to roll so heavily as to be unseaworthy, 
and they were afterwards laid up and 
lightened and taken out to Bermuda ; the 
Waterwitch was laid up in ordinary. Some 
years afterwards, when he was appointed 
Dockyard Superintendent at Portsmouth, 
the Admiralty allowed him to have the 
'Waterwitch to make some experiments. 
He had an idea that leading the water in 
through the bottom of the vessel in a 
canal, by which a large quantity of water 
was carried about, necessitating increased 
displacement, was a mistake, and he was 
determined to ascertain how far it would 
be advantageous to bring the water in 
from forward or from directly underneath 
the turbine. The trials were carried out 
very carefully by the dockyard officers. 
He merely asked them to close the canal 
and to open underneath the turbine a 
hole and to insert a tube, and let the 
water enter directly underneath the tur- 
bine. The vessel was taken into dock 
and cleaned, put to a certain trim, run at 
the mile, and her speed ascertained. She 
was then docked. The alteration was 
made ; she was again cleaned, put to the 
same trim, taken to the mile, and the re- 
sult was 4 knot additional speed per 
hour. He then thought that the turbine 
to be at its best should be brought as 
low in the vessel as possible, the water 
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admitted from underneath, and the dis- 
charge-pipes horizontal. In the Water- 
witch they were raised, as he had said, 
which was certainly an objection. He 
still believed that, in order to try the hy- 
draulic-propeller at its best and give it 
fair play, a vessel should be designed for 
the purpose, a double-ended vessel with 
a rudder at both ends, on an even keel, 
and the hydraulic-propeller as low as 
possible, in point of fact to work in the 
water. He had reasons for believing 
that bringing the water up to the turbine 
from directly underneath was an advan- 
tage. His idea was that directly the tur- 
bine was turned, a hole could not be 
made in the water, and a column of water 
at a certain speed was immediately set 
in motion, which was greater than the 
speed at which the ship was going 
through the water; consequently the 
greater velocity overcame the lesser 
velocity due to the momentum of the 
vessel; in fact there was no loss of 
power. If the turbine was very low 
down the bottom of the turbine might 
almost be brought to the sea itself. Hav- 
ing a rudder at both ends the vessel 
would go equally fast both ways; in 
fact, in the trials in the Waterwitch, al- 


though the water was brought in forward 
it did not make much difference in her 


speed one way or the other. That told 
very much against the attempts that had 
- been made to draw the water in from for- 
ward by pipes from the bows. He could 
understand the object in view ; and theo- 
retically he could see that it appeared 
to be a wise one; but as far as that 
trial in the Waterwitch went, it proved 
not to beso. Then he made an experi- 
ment to ascertain what the size of the 
discharge pipes should be. The Admir- 
alty were again good enough to carry out 
his experiment, by putting a flap on a 
hinge inside the nozzle, which could be 
pushed out, so as to close the aperture 
or leave it wide open. The speed of the 
water at the discharge was measured, 
and it was found when the nozzle was 
half closed the water was going out at 
double the speed; therefore the same 
quantity of water was discharged as 
when it was wide open—the speed of the 
vessel in both instances being the same. 
That showed that the nozzles of the 
Waterwitch were unnecessarily large, be- 
cause he believed that the best result 





was obtained when the pipes were com- 
pletely filled, but trials were made at dif- 
ferent revolutions of the turbine, and it 
did not appear to signify much. He did 
not agree that the turbine would not 
work unless it was full. The author had 
described all the advantages (and they 
were very great) of the turbine as a pro- 
peller for ocean purposes, but he had 
not specially named one benefit which he 
thought the most important. If a ves. 
sel could be stopped, without any refer- 
ence to the engine-room, in her own 
length, and if two vessels meeting could 
do the same, he believed there would be 
very few collisions. Another feature was 
the advantage that it afforded in foul 
weather. The accidents in screw-boats 
that then occurred were generally caused 
from the racing of the screw; but the 
greatest amount of motion a ship could 
be put into would not in the slightest 
degree bring a greater strain upon the 
engines of the turbine. After a consid- 
erable time, the subject was again moot- 
ed at the Admiralty, and then came the 
trial of the Thornycroft torpedo-boat, re- 
specting which he was greatly pleased to 
think that the experimental trial had 
been placed in the hands of that firm, 
who, he had no doubt, had taken pains 
to make it asuccess. But as a competi- 
tive trial it was inadequate. The author 
had stated that the object of the Admir- 
alty was to have vessels of very light 
draught of water in waters so shallow 
as scarcely to afford sufficient immersion 
even for twin screws. In a fair trial 
both vessels should have been put to the 
same test, which was the draught of 
water. But in the case of the turbine 
the draught of water was 2 feet 6 inches, 
while that of her opponent was 3 feet 84 
inches ; and in the screw-boat the shaft 
was on the keel, and nearly half the 
blades revolved below the keel, giving a 
large diameter to the screw, added to the 
extra draught of water. In this com- 
petitive trial the screw torpedo-boat 
would require a depth of 6 feet of water 
to work the screw, whilst the turbine 
boat would only need a depth of 2 feet 
6 inches to move about in. That was 
unfair to the turbine which had not those 
advantages. The two trial vessels should 
have had the same draught of water, 
similar displacement, and similar power. 

If the draught had been 2 feet 6 
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inches, and the screw had been limited | 


to that diameter, he thought that a very 
different result would have: been ob- 
tained. He should be much pleased if 
Messrs. Thornycroft and Co. would build 
a boat exactly as he had described, with 
her turbine low down, with the entrance 
of water from below, with the discharge- 
pipes horizontal ejecting the water under 
water, and with the valve like that in the | 


Waterwitch, and then see what speed) 


they could get out of the screw with a 
diameter of 2 feet 6 inches, with the same 


still further, and felt sure that better re- 
sults would be obtained if it were tried 
fairly on its merits. 

Admiral Ryder observed that he had 
paid some attention to the subject from 
the commencement. He had taken a run 
in the Nautilus, and two or three trips in 
the Waterwitch. A few days ago he went 
out from Portsmouth to Spithead in 
Torpedo Boat No. 87, which was irrever- 
ently called The Squirt. It was a mod- 
erately fine day. The vessel was a re- 
/markably good shape forward for riding 


power. Then again one boat was brought | over the sea, but the two tubes for eject- 
by the stern, and the other was on an ing the torpedoes were unfortunately 
even keel; but both boats ought to be conduits for seas that came over forward 
confined to a given draught of water. He|and which dashed through the tubes 
would give the turbine boat rather a full against any one on deck with great force. 
body, so as to lower the turbine and get The tubes should have wooden plugs. 
as much benefit from the full diameter as | When going at 12 knots an hour, he said 
possible. In the vessel in question, the | to the lieutenant in charge, “I think you 
diameter of the turbine was small, and| may ease her,” and his reply was, “ We 
the discharge-pipes were long. It ap-| must either stop or go full speed.” If 
peared to him that the importance of cen- | that was the fact, it was certainly an un- 
trifugal force had been lost sight of, and| fortunate position for one of Her Maj- 
this he had always understood to be an|esty’s vessels to be in. The sensation 
advantage in the turbine, by not baving was peculiar when the boat stopped 
a large diameter so as to discharge the short. She stepped very dead, which, of 
water at a rapid rate through the pipe, | course, was what was wanted in the case 
But he could not 
bine. Another advantage of admitting | ‘make out why the ejection orifices were 
the water from below was that it was not | above water. The noise was like soda- 
necessary to carry the same volume of | water bottles going off continuously. The 
water in the canal as had to be carried in | tremendous noise would, he should think, 
the Waterwitch ; it was only necessary ona calm day inform an enemy 10 miles 
to carry the water which the turbine it-| off of the approach of the boat. He 
self contained. When he spoke of the|could not believe that it was in the 
partial success of the turbine, he refer- | specification that the orifices should be 
red to its use in sea-going vessels as an|above water. Perhaps there was some 
auxiliary power. With power sufficient | _good reason for it, but from his point of 
to give a speed of 8 knots per hour, to| view asa sailor this feature was a most 
get across calms and in and out of har- | | objectionable one. The nuisance of the 
bor, an enormous advantage would be) noise was intolerable, and he thought 
gained. Unfortunately the hydraulic- | that any Admiral would send the boat 
propeller had not had many friends.| home by the first ship; he hoped that 
Whenever he had approached the ship-| in future designs the orifices would be 


and reduce the revolutions of the tur- of a torpedo-boat. 


builder on the subject he had been told 
that it would cost a great deal of money 
being a novelty, and that at once had put 
an end to the idea. On one occasion at 
Portsmouth a lady, in delicate health and 
unable to stand the vibration of a screw, 
was towed about in her yacht by a tug. 
He endeavored to get a turbine put into 
a vessel that the lady was having built, 
but it was stated that it would have 
added £6,000 to the cost. He should be 
glad to see hydraulic propulsion tried 


‘under water. One of the great advan- 
tages of that class of torpedo-boat was 
the freedom from danger of fouling. Sea- 
faring men and engineers could easily 
picture what would happen on going 
into a harbor protected by nets with the 
ordinary form of torpedo-boat having 
one or two enormous screws; these 
would be sure to come in contact with 
any obstruction of that kind. It was 
all very well for the open sea, but he 
did not believe that such a boat would 
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et inside an enemy’s harbor at all. The | design of a turbine torpedo boat, capable 
turbine principle was a capital one for of a speed of 20 knots per hour, and 
that purpose, because there could be no| with orifices under water. 
fouling by nets or anything of the kind.| Mr. J. Wright, C. B., Engineer-in- 
Another valuable feature was the power |Chief of the Navy, said that the subject 
of changing the course to the opposite had been so fully and fairly discussed in 
direction suddenly. A torpedo-boat fit-| the paper that he had very few remarks 
ted with any system of screws could| to make; but there was one point which 
work end on, bow foremost, but could had not been much referred to during 
do nothing against the enemy stern the discussion, namely, the great advan- 
foremost ; wliereas if the turbine prin-| tage supposed to accrue to a vessel with 
ciple were further developed, and ap- a hydraulic propeller in turning power. 
plied to larger vessels, an enormous ad-|It had been tried in the case of the 
vantage would be gained; indeed, the; Waterwitch and the Viper, and the ad- 
utility of the ship might be almost’ vantage was certainly very much in favor 
doubled. After having gone through of the Viper. It took the Waterwitch 
the enemy’s fleet, and struck or missed twice the time to turn a circle that the 
a ship, a turbine vessel might at once Viper took when one screw was worked 
reverse her engines and retrace her/ahead and the other astern. Another 
course, without exposing her side, as the | point of importance was the great ad- 
screw-vessel would do when turning. Of} vantage claimed for the hydraulic propel- 
course the great question was whether ler in clearing the ship of water in the 
the numerous advantages named by the! event of her getting a holein the bottom. 
author, not omitting that invaluable fea-| The author had referred to the practical 
ture that the turbine-propeller could not | difficulties which would have to be over- 
be “pitched” out of the water, as the ‘come in opening and closing large sluice 
screw frequently was, were worth paying valves in order to carry out such an ar- 
for, and to what amount. They might | rangement. From some of the preceding 
be paid for in reduced speed. remarks it might be supposed that the 

Would it be worth while sacrificing 2 naval architects of the present day had 
knots, or how many knots, an hour to ob-! given no attention to the important mat- 
tain the advantages that had been de-' ter of saving life on board ship, in the 
scribed? A committee of naval officers event of a large hole being made in the 
would soon come to a determination on | bottom; but any one acquainted with 
that point. If the authorities would | modern ships of war would know that an 
not pay in speed, would they pay in| extensive subdivision was carried out for 
money? It might be necessary to get a| that very purpose, so that if two, or even 
larger or a narrower boat, or to give up| more, compartments were penetrated, a 
some other feature to which importance! large power of flotation would still be 
was attached. He agreed with Admiral left. Ifa hydraulic propeller were fitted 
Sir George Elliot and Admiral Selwyn for ejecting water from the ship, it was 
that the turbine question was not yet just possible that if a hole were made by 
settled. The system had been tried by |a torpedo in the compartment containing 
different nations. Swedish naval officers | the propeller, the propeller would be dis- 
attached great importance to it. When'|abled. If, again, a hole were made in 
he was commander-in-chief at Ports-| another part of the ship, there would be 
mouth, whenever a Swedish man-of-war | a difficulty in getting the water under 
came in, he always asked the officers how | the propeller in anything like sufficient 
the turbine system was getting on. quantity to keep it charged. No doubt 
Their reply was that it was so unpopu- | Admiral Sir George Elliot had made an 
lar with the Construction Department | improvement by closing up the holes in 
that they were not at all sanguine that it| the Waterwitch’s channel forward, and 
would be favorably received. At léngth, | opening a direct hole under the bottom. 
however, a turbine vessel was tried, and, The coefficients of the performances 
on enquiring the result, the reply he re- | (though one gentleman had declared his 
ceived was, “They have managed to disbelief in coefficients) showed an im- 
make it fail.” A round sum in thousands | provement of something like 15 per cent. 
of pounds should be offered for the best | But, with regard to other experiments 
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made by Admiral Sir George Elliot, in| erate on the greatest volume of water 
curtailing the size of the discharge noz-| would be the most efficient. Perhaps the 
- ge was a a a to the’ — of — of = —— as 
extent of over 7 per cent. 1ere was/a jet propeller might unintentionally con- 
another point with reference to the Viper, | vey the idea that it was different in prin- 
namely, that the screw propeller acted ciple from other propellers. This, how- 
on ten times the amount of water that| ever, was not so. The jet was no more 
passed through the turbine. If any one| the propeller in this case than was the 
would examine the theory of the subject, | race of the screw or paddle in ordinary 
he would find that that was a very im-|ships. As a matter of fact, the pump 
portant matter in regard to the superior | was the propeller, for it was the agent 
efficiency of the screw. Comparing the that drove the water astern from the 
“8 — ecm - ~~ — are of which og eee’ — 
it would be found that the screw boat; just as the screw and the paddle were 
acted upon five times the amount of! the machines for driving the water astern 
water that the turbine had acted upon. __ in ordinary cases. In the hydraulic boat 
= ap we phar goa mae — on ag moped was — = > the 
coulc no doubt that the torpedo boat! paddle and screw outside; the action in 
referred to was the outcome of engineer- each case was the same, only the machine 
ing skill of the highest order, and of| was different. Until pumps were fitted 
workmanship of the greatest perfection ;, that could cope with as large volumes 
en pany — result? Practically this, of water as the feathering wheel, and at 
that the speed attained was no greater| about the same speed, the hydraulic pro- 
than could be obtained from a screw-boat | peller would not be able to ool in 
= equal ee at — — engron Fagen — . screw hs 
e power. 1e causes O s defective|the paddle. irrespective of the greater 
performance were not difficult to deten-| lenses that might be expected from the 
a and were, in the main, inherent to| friction of the water in the passages. If 
the system. All propellers worked on| the pump were made to satisfy these con- 
the same principle, namely, the projection | ditions, the large orifices necessary would, 
of a volume of water sternward, and the|in most cases, be inadmissible, whether 
thrust of the propeller was measured by ‘above or below the water. ‘Then, also, 
the momentum or change of momentum | the question would arise, would it be de- 
produced. The more directly sternward | sirable to place such a propeller in what 
the water was projected the greater the | would practically be a trunk in the ship, 
efficiency, all transverse motion represent-| occupying valuable space, and involving 
ing wasted energy. In the jet every parti-| the carrying of a scusihentiia weight of 
cle was sent directly astern, and therefore, | water? Or, would it not be preferable 
oe neglecting friction, the jet to place the propeller outside the ship, 
was the most perfect of propellers. It) and make proper provision for a sufficient 
was from practical difficulties that the) flow of water to it, without compelling 
pump failed as a propeller; and though the water to pass through and be carried 
engineers were loth to apply the word| bythe ship? He had little doubt as to 
impossible, yet in this case many of the| the answer that would be given by the 
ee were apparently jprmenperd foe majority of naval architects to this 
able, and in his opinion the pump was| practical question. 
never likely to become a general and effi-| Mr. John L. Thornycroft said that Cap- 
cient propelling agent, though it might, tain Heathorn appeared to convey the 
ss be useful in some special cases. idea that the friction of the external sur- 
This arose mainly, as had just been) face of the stream of issuing water had 
pointed out, from the large volume of|some advantageous A seo in propel- 
— (4 ay be —_ with, and the | ling a vessel, a he a —— 
ge orifices that would be necessary in to an experiment whic e had made 
the ship’s sides to obtain high efficiency | where an induced current of water was 
= yt oaceey ye srg pe . propel. | used to gy cs pee | hg 
; ended on the mass of water oper-|He desired to go into some detail in 
ated on, and consequently, other things | order to explain the matter. A stream 
being equal, the propeller that could op-|of water issuing from a vessel had a re- 
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action depending simply on the weight 
discharged in a given time and the veloc- 
ity of discharge; the effect was unal- 
tered by the form of aperture at which 
the stream found exit. The stream be- 
ing submerged made no change in the 
reaction of the initial stream, but it then 
was in a position to induce other streams 
which might act favorably or unfavorably 
in propelling—favorably when the press- 
ure was reduced on a surface attached to 
the vessel which had a motion towards 
the loss of pressure, and the contrary, if 
motion of the surface was in the oppo- 
site direction. One way of taking ad- 
vantage of this principle was to surround 
the stream of water from an ordinary 
screw propeller by a conical tube of such 
dimensions as to allow an annular stream 
to pass through it around the stream 
from the propeller. When this was so 
placed that the initial stream entered at 
the larger end of a portion of a cone, 
and by the friction of its external sur- 
face and intermingling with the surround- 
ing water, induced a stream through the 
coned tube, the pressure within this tube 
would be reduced, and the forward com- 


ponent of the difference of internal and 
external pressure would be available for 


propulsion. But, in order to estimate 
the useful effect, the friction of the sur- 
face of the coned tube must be taken 
from the forward component of the press- 
ure already alluded to. Experimentally 
he found that if a vessel was fitted to 
utilize the currents so generated, although 
it would be able to exert a greater pull 
at a fixed object, in still water this advan- 
tage would diminish as speed was at- 
tained, and it appeared that at a useful 
velocity of vessel the apparatus was a 
failure; but he thought the result ob- 
tained by Captain Heathorn must be ex- 
plained in another way. He thought 
that Captain Heathorn had fallen into an 
error. He had described an experiment 
that he had 
him to say that from water issuing from 
& pipe he got a certain reaction, and by 
contracting the pipe so that less water 
came out he got a greater reaction.- He 
thought it was evident that in the first 
case most of the work was done by the 
friction of the water in the pipe, and in 
the second case, although less water came 
out, it came out at a higher velocity, and 
so the result was obtained. Captain 
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made, and he understood | 





Heathorn’s allusion, therefore, to the ap- 
paratus to which he had referred was not 
correct. Admiral Selwyn had alluded to 
a pump, which he said gave a certain 
duty, and he spoke of 100 H. P. working 
a disk of 304 inches in diameter at eight 
hundred revolutions, and raising 800 
galions a minute 90 feet. On looking at 
it, Mr. Thornycroft expected to find a 
good result; but he had computed the 
efficiency to be only a little above 0.22. 
Admiral Selwyn further stated that there 
was a pressure of 45 lbs. per square inch, 
and that to that would have to be added 
800 gallons per minute discharged on 
the top of the 90 feet. At first he was 
puzzled to know how that was to be add- 
ed; but in taking into consideration the 
8-inch pipe, which he described, he found 
that the water flowed through it at 6 feet 
per second, and what was really to be 
added to the 90 feet was, therefore, the 
head due to the velocity of 6 feet per sec- 
ond. On working that out he found that 
it came to about 4 foot, and instead of 
lifting water 90 feet it was lifted 905 
feet. He did not know what the per- 
centage was, but it was perhaps 22 or 
224, so that he was afraid that the pump 
mentioned by Admiral Selwyn did not 
compare favorably with his own. The 
discharge of the pump described by Ad- 
miral Selwyn was immensely less than 
the discharge from the pump of the hy- 
draulic boat, although the disk was the 
same size and the revolutions were nearly 
double. Admiral Selwyn had stated that 
in what he considered a perfect pump the 
water discharged had the same velocity 
as the periphery of the disk. That, he 
thought, was entirely illusory. In one 
case it might be nearly correct. If only 
a little water was allowed to flow 
through a large pump, so that the water 
was a long while in the disk, no matter of 
what shape the vanes were, the water in 
the disk attained practically the same 
velocity as the disk of the pump. He 
believed that when the flow was limited 
in that way, all pumps gave about the 
same lift with the same speed. He had 
exhibited some diagrams in which the 
form of the blade had been considered. 
In the case of the hydraulic boat that he. 
had constructed, the discharge was 
large, and the motion of the water 
through the disk was rapid; therefore, 
the effect of the blade form was very 
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manifest. In considering the effect of 
the shape of the blade, it was necessary 
to take into account the speed of the 
water from the center to the edge of the 
disk. The result of the diagram was to 
show that, taking into account the form 
of the blade, the water flowed through 
the pump at just the velocity it ought to 
do. In the pump of the Waterwitch, 
the sectional area of the channel was so 
large that the water made a turn, and 
half another turn, around the disk before 
leaving the pump disk. 

The result came out that the velocity 
of the periphery was 29.6 feet per second, 
and the velocity as measured in an equal 
interval of time was 29 feet. It was ex- 
actly 29 in the author’s figures, which 
was perhaps too close a coincidence. In 
the case of the Swedish pump the result 
was not so coincident, the velocity being 
only 21 out of 23 feet per second. Ad- 
miral Selwyn, therefore, was incorrect in 
saying that a perfect pump was a pump 
in which the velocity of discharge equal- 
ed the velocity of the periphery. He 
might say further, that if instead of us- 
ing the radial blade a scoop blade throw- 
ing the water forwards were used, under 
favorable conditions it would possibly 
make the discharge equal to double the 
velocity of the periphery, it being as- 
sumed that friction might be neglected. 
It would, therefore, be more than a per 
fect pump, because by Admiral Selwyn’s 
estimate it would be a pump with an 
efficiency of 2. Captain Heathorn had 
stated that the channel screw was in- 
vented by the late Mr. Robert Grif- 
fiths. He believed that Mr. Griffiths 
did put a screw in a tube; but the 
idea of putting a screw in a tube with 
vanes to alter the direction of the 
water from the spiral to a direct run out 
was due to Mr. Arthur Rigg. He put 
curved vanes behind the screw, and so 
got some advantage ; but he did not con- 
tract the channel as the velocity was in- 
creased, and in that way secure the full 
benefit from the arrangement. Admiral 
Selwyn had calculated the reaction of 
Mr. Gwynne’s pump at about 2 tons. 
That was surely too high, because he 
found that a cylindrical column of water 
90 feet high and 8 inches in diameter 
would weigh about 1 ton. In a jet-pro- 
peller double that, or about 2 tons, would 
be obtained if it issued at its own speed, 





but in the case in question it only is- 
sued at 6 feet per second. If the water 
would issue as slowly as that, and give 
all the reaction, it would be correct ; but, 
as it would escape at a much greater 
speed than that, the water would not 
supply the nozzle. Admiral Sir George 
Elliot had referred to the Waterwitch, 
and to the way in which the water was 
led to the propeller. He believed his 
statement was correct, that the arrange- 
ment for leading the water to the pump 
through a canal was inefficient. Where 
the water entered through parallel plates 
the velocity was not converted into 
pressure. In order to convert the speed 
of a stream into pressure it was neces- 
sary that it should enter the small end of 
a tapering canal. He was not surprised 
that the channel was found from its sur- 
face friction to retard the effect of the 
propeller. Admiral Sir George Elliot 
had stated that the discharge seemed to 
be independent of the size of the nozzle. 
But Mr. Thornycroft thought there 
must have been some inaccuracy in the 
measurement of the speed with which 
the water had been ejected. With ref- 
erence to the question of stopping a 
ship in its own length, it should be re- 
membered that was quite a different 
thing from stopping a boat in one 
length. It appeared to be intended to 
put very large powers in ships; but in 
the case of a merchant steamer steam- 
ing at 14 knots per hour it was admit- 
ted that in starting the vessel the pro- 
peller was acting efficiently. A large 
steamer that would go at 14 knots per 
hour took a long time to attain full veloc- 
ity, and if the propeller acted efficiently 
he supposed it would take the same time 
to stop. Admiral Sir George Elliot con- 
sidered that the trial to which reference 
had been made had not been a fair one, 
and that the boats could not be fairly 
compared. Nevertheless, the best had 
been done, and even looking at it at the 
present time, after seeing where a slight 
failure might have happened, he did not 
know that if the work had to be done 
again it could be done much better. He 
thought it must be admitted that the 
discharge being above water-mark was 
& very great inconvenience. Whether 
the water could be discharged without 
loss below water-mark he was not sure. 








It would involve carrying a great deal 
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more water within the boat, and it would 
have to be taken obliquely out of the 
skin. If the present nozzles were pro- 
jected into the water so that they were 
forced through the sea he was sure the 
loss of speed would be very great. 

Mr. G. B. Rennie remarked that the 
extraordinary speed of 174 knots per 
hour in the case of the last torpedo-boat 
had been arrived at after a great many 
trials; the speed of the first boats of 
the same size had been only about 14 
knots, so that the comparison was hard- 
ly a fair one. In trying various forms 
of pumps several years ago, in experi- 
ments for some large pumping machin- 
ery,* he found that the efficiency of the 
“Swedish” pump far exceeded that of 
the Thornycroft, which was very much 
like the pump described by Professor 
Rankine.t The total efficiency of the 
pump and engine varied from 0.30 to 
0.50. He did not think it got so low as 
0.25, as in the cases alluded to in the 
paper. The way in which the calcula- 
tion was made was this: the dock was 
full, and it was pumped out; the level 
was taken every ten minutes, and the 
H.P., and the total quantity delivered 
was divided by the H.P., the result be- 
ing from 0.30 to 0.50 of efficiency. In 
the case of a propelling-ship he could 
not see why that should be very much 
varied if the proportions were suitable. 
Tt had been stated that one of the prob- 
lems to be solved in the hydraulic-pro- 
peller was to get sufficient water to pro- 
pel the vessel. In the case of the Viper 
it appeared that about five times the vol- 
ume of water was discharged or pushed 
aft as compared with that in the Water- 
witch. That had always seemed to him 
a great difficulty with the hydraulic sys- 
tem. About three years ago his firm was 
asked to.supply a floating-dock at a cer- 
tain distant port. There was a great 
difficulty in re-erecting the dock abroad, 
and towing it was considered to be an 
impossibility. The question was how it 
was to be propelled. A screw-propeller 
seemed to be inadmissible from the 
draught of water, and from the inconve- 
nience of a screw-propeller when dock- 
ing a vessel. They therefore turned 
their attention to the question of hy- 


* Transactions of the 
tects, vol. nxiv., 1883, p. L 
t “The Steam-Engine,” p. 190. 
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draulic propulsion, taking the Water- 
witch’s experiments as a basis. He had 
a model showing how hydraulic propul- 
sion might in such a case be advanta- 
geously employed. There were a great 
many compartments in the dock, and a 
great many pumps for emptying them. 
It was proposed to increase the pumps 
and power of the engines, and to make 
six apertures on each side adapted for 
propulsion. By that means a fair pro- 
portion of propelling area was obtained 
by the water discharged. The total area 
of all the openings was about the same 
as the combined area of one or two or 
three screw-propellers which would be 
necessary to propel a vessel, having a 
given section and capable of carrying a 
given tonnage, through the water. He 
thought that in the case of vessels of 
very light draught of water, and short 
broad vessels carrying heavy weights, 
the application of a screw-propeller was 
almost an impossibility. But while in 
the one case it might be impossible to 
apply the screw-propeller, in the other 
case, namely by hydraulic arrangements, 
it was possible to propel a vessel at a 
certain speed. It would be interesting 
if the author would explain somewhat 
more fully the instrument to which he 
had referred for taking the pressure of 
the discharge at the nozzles. 

Mr. Edwin N. Henwood considered 
the hydraulic-propeller so superior to the 
screw, .that it would be unwise to think 
any money wasted that would enable 
its advantages to be brought out, and its 
efficiency to be developed. If a like 
amount of money that had been expend- 
ed on the screw-propeller were to be ex- 
pended on the turbine, he maintained 
that the success of the latter would be 
secured. With reference to the compari- 
son of the Viper and the Waterwitch, 
the former was a very objectionable 
structure ; the Waterwitch was nearly as 
bad, but even in the latter the turbine 
did not have its advantages developed ; it 
was fitted horizontally, and hence one of 
the streams from the discharge pipes had 
to be turned by a curved pipe into its 
proper path. The mode adopted of 
measuring the velocity of discharge was 
thoroughly unsatisfactory, as had been 
remarked in the paper, since it was well 
known that a patent log must be care- 
fully kept out of disturbed water in 
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order to get a true result. Nor did he | and twenty-six. He could not imagine 


admit that the arrangement described of 


a pressure-plate 1,5, inch square, sup-| 


ported by a more or less knife-edged 
lever, could be considered entirely trust- 
worthy. With regard to the efficiency of 
a pump or other machine, it was needless 


to introduce midship section or displace- | 


ment coefficient into the equation. When 
the designers fixed the diameter of the 
disk, and the number of revolutions of 
the engines, they had fixed the maximum 
velocity of discharge possible, and there- 
fore the speed of the vessel; and no 
reduction of the nozzle, with the object 
of increasing the velocity of discharge, 
would materially influence the effective 
thrust. It appeared to him that the 
experiments were so devised—in error, 
no doubt—as to ensure no greater result 
than that obtained; and the paper really 
seemed to lead to a double dilemma. 
Either the Waterwitch pump was effec- 
tive within ,; of unity, or the feed was 
an important element in the total veloc- 
ity of discharge. If the former proposi- 
tion were true, then there was, under 
circumstances easy of repetition, no loss 


whatever in the pump, while in the screw | 


there was always a large percentage of 
loss, without taking into account pitch- 
ing, &c. If the latter were the correct 


explanation, not only was the result from | 


the velocity of feed quite as great as in 
the Thornycroft, but the velocity of dis- 
charge was much better for the revolu- 
tions and the disk diameter. The revo- 
lutions in the Waterwitch were forty per 
minute, and in the Thornycroft four hun- 
dred and twenty-six; the diameter of the 
disk in the Waterwitch was 14 feet, and 
in the Thornycroft 24 feet. The velocity 
of the periphery in the Waterwitch was 
29.3 feet per second, and in the Thorny- 
croft 56 feet. The velocity of discharge 
in the Waterwitch was 29 feet, and in the 
Thornycroft 37.2 feet per second. If 
the velocity of discharge was more than 
had been observed, as seemed probable 
from her speed of about 10 knots per 
hour, those figures would have greater 
prominence. He was unable to find any 
reason for neglecting to drive the turbine 
ata higher velocity. The propeller in 
the Thornycroft boat was driven at six 
hundred and thirty-six revolutions per 
minute, and the revolutions of the tur- 
bine had been reduced to four hundred 





why there should be any objection to 
driving the turbine at a higher velocity. 
He should like to ask if there was any 
objection, and, if so, what, td working the 
turbine in a vertical direction so as to 
discharge the water underneath the bot- 
tom of the vessel? Allusion had been 
made to the great difficulty in utilizing 
the turbine for keeping down any leak. 
He thought the difficulties were of a 
very slight character, and could easily be 
overcome. He wished also to ask whether 
the speed of the circulating water from 
the condenser was as great as that of 
the pump discharge, and whether the 
discharge was directed aft. He thought 
the superiority of the turbine-propeller 
over the screw-propeller in the case of 
fouling was very great. Everyone who 
had gone to sea would know what would 
happen if the propeller broke by meeting 
a floating substance. In a torpedo-boat 
propeller driven at six hundred revolu- 
tions a minute this would often happen. 
In the case of the turbine there was no 
such source of damage. 

Captain J. D. Curtis, R. N., understood 
from Captain Crozier, who had charge of 
the experiments, that the performance of 
the Waterwitch was very good except 
when she got into a double-reef-topsail 
breeze. He presumed that this was on 
account of the pitching of the vessel. He 
looked upon a turbine as a kind of end- 
less rope. Admiral Sir George Elliot 
had referred to the Viper being put 2 
feet by the stern and going 4 knot per 
hour faster. The Serapis, when put 2 
feet to the stern, attained the same speed, 
10 knots, with an expenditure of 50 
tons of coal. per twenty-four hours, as 
she did with 80 tons on an even keel. 
Reference had been made to the benefit 
to be derived from having an arrange- 
ment by which the screw should not foul. . 
About two years ago the late Mr. Robert 
Griffiths took out a patent which he called 
the shield patent. This shield consisted 
of two plates, so arranged that they pre- 
vented the propeller acting on the dead- 
water, and increased the speed of a ship 
from 6 to 8 per cent. In addition, they 
prevented vibration, improved the steer- 
ing, and reduced the racing when the 
ship was pitching. The following re- 
sults had been obtained from a steam- 
launch to which it was applied, the own- 
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er, Mr. C. Bourrot, and Captain Curtis, 
R. N., being present at the trial : 


| 
Without; With | 
Shield. | Shield. | 
| 








Mean speedin knots perhour, 6. | 6. | 


Mean revolutions per minute 
Mean pressure of steam in| | 
Ibs. per square inch 





| 


showing a gain of 34 per cent. in speed, 
with a saving of 15 per cent. of power. | 

The shield was inexpensive, the esti- | 
mated cost for a propeller 12 feet in di-| 
ameter being only,£12, and it could be) 
put on without docking the ship. Taking 
the cost of marine engines at £40 per} 
nominal H.P., and allowing a similar sum | 
for coal, also for the space occupied in| 
the ship by the coal, and for repairs, | 
&c., the increase of 6 per cent. in speed, | 
to obtain which 19 per cent. more| 
power would be required, was equivalent 
to an increase in the value of the ship of 
£1,520 for every 100 indicated H.P. of | 
the engines. In this shield the upper! 
segment went home to the stern of the 
vessel ; the lower segment over one-half 
the length of the screw from aft for- 
ward. Four trials were made with a 
small vessel above Teddington Lock, two | 
with the shield and two without, and Mr. 
Robert Griffiths stated that the shield 
effected a saving of 15 per cent. out of 
the 45 per cent. which Mr. Froude as- 
serted to be lost by the screw. How 
was that? When the vessel went through 
the water, the water must follow the 
ship, or the ship could not make any 
progress. The use of the screw de- 
tracted from the power of the water to 
follow the ship, and that had not been 
sufficiently thought of and acted upon. 
The shield patent must not be confound- 
ed with the cylinder, as they acted dif- 
ferently, the former allowing the escape 
of water aft. Directly the screw went 
down, the water came through between 
the apertures of the shield, and the 
following water flowed in to occupy the | 
place of the water displaced by the 
screw. The screw did not carry the 
load of water round, and did not curtail 
the amount of inflowing water. As the | 
screw came up to the segment of the| 
shield, it cut the volume of water carried ! 


'pelled in that manner. 


around in the ordinary screw, and there 
was no vibration. Mr. Robert Griffiths 
used to say that he considered the screw 
a hydraulic pump, and that for efficiency 
it was placed too near the ship's run. By 
another patent he placed the propeller 
two-thirds of its diameter away from the 
foremost sternpost, and in this way al- 
lowed the following water to act upon 
the ship, and did not detract from the 
speed of the vessel. In conclusion, he 
might observe that aquatic birds struck 
out alternately with their feet when 
swimming, economizing power, the thrust 
not interfering with or obstructing the 
following water; and that he had heard 
a Yarmouth fisherman, when giving di- 
rections to the builder of his smack, say, 
“Give her a cod’s head, and a duck’s tail 
for a stern.” 


Mr. N. Barnaby, C. B., Director of 
Naval Construction, said the discussion 
on the paper was remarkable, for two or 
three reasons, one of which was that 
amongst those who took part in it was 
the gentleman who, forty-five years ago, 
had patented the mode of propulsion in 
question. Another was that for the last 
twenty years the Admiralty had been en- 
deavoring to get some sort of success 
with the jet propeller, and that they had 
not been able to point to any success. A 
third reason was that he believed there 


| did not exist at the present moment any 


vessel in the mercantile marine employed 
on a passage of any kind which was pro- 
Accordingly he 
expected that when the paper was read 
he should have been called upon to ex- 
plain how it came about that the Admi- 
ralty still considered it right to go on try- 
ing the jet propeller; but he presumed, 
after the speeches which had been made 
by the gentlemen who had been influen- 
tial during the last twenty years in urg- 
ing upon the Admiralty the various trials 
of that mode of propulsion, that it would 
not be necessary for him to explain fur- 
ther why the Admiralty were desirous, 
after the Waterwitch trial, to experiment 
on the jet propeller again in the boat 
which had been described. The argu- 
ments advanced by the gentlemen to 
whom he had alluded were to the effect 
that in ships of commerce many acci- 
dents to which the screw propeller was 
liable would be altogether avoided ; that 
many of the perils now incidental to navi- 
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gation would be removed ; and that nav- 
igators would have, in the possession of 
great pumping power, a means of pre- 
serving ships and lives which they did 
not now possess. And they not only 
considered that that held good with re- 
gard to ships of commerce, but that there 
were special advantages to ships of war 
which made it still more desirable that 


the Admiralty should encourage the use- 


of the new method. For his own part, 
he did not believe in pumping power. 
He believed that ships would be saved 
from perils of the sea by proper building, 
by proper division into compartments, 
and not by pumps; and even if they 
passed from the pumps with which they 
were familiar to the pumps which were 
supposed to be possible under the new 
system of propulsion, he thought they 
would still find that they were going in 
a wrong direction. But under any cir- 
cumstances, whatever the advantages 
might be in the directions that had been 
pointed out, it was clear that if 2 Ibs. of 
coal were to be burnt instead of 1 |b., for 
getting a certain result, it was, for the 
purposes of commerce, entirely out of 
the question to expect the jet propeller 
to supplant the screw propeller, or in any 
way to come into the field for practical 
adoption. 

With reference to the contract into 
which the Admiralty entered with Messrs. 
Thornycroft & Co., for the object that 
had been described, the Board of Admi- 
ralty knew that they might expect a loss 
of about one-half the power, but they 
were prepared for that, for the sake of 
the merits which it seemed to them it 
was possible that such a boat might 
have. The contract was to give the same 
indicated H. P. as was given in the boat 
propelled by the screw, namely, 100; 
they were also to guarantee that the ma- 
chinery worked well; they did not guar- 
antee any speed. As a matter of fact, the 
machinery gave about 160 instead of 100 
H. P.; and they had secured a boat 
which he believed would be found by the 
trials at Portsmouth to possess so many 
good qualities that it was very unlikely 
that they would be called upon to alter 
the machinery back again to the screw 
propeller. It was possible that some 
considerable improvement might be made 
in the pump, perhaps in the size of the 
nozzles, and it was possible—he hoped it 








might be proved to be the case—that 
there would be a sensibly better result 
than that which had been already obtained. 
The boat had the remarkable property of 
stopping very quickly, but she went 
astern badly and would not steer—two 
grave defects. The author had clearly 
shown the reason for the losses which 
had to be sustained in that mode of pro- 
pulsion; not merely had he put before 
the members in a plain manner the whole 
of the facts in the case, but he had dem- 
onstrated this remarkable circumstance 
—that there was a screw turbine, a tur- 
bine boat it might be called, the turbine 
being put outside the boat, giving, with 
the light draught of water which it was 
supposed was only suitable for the hy- 
draulic propeller, the same speed as could 
be got with the screw propeller in the 
ordinary way. The result of the Admi- 
ralty experiment, therefore, was a fair 
boat, capable, possibly, of being con- 
siderably improved ; an excellent explana- 
tion of the causes of the loss in the jet 
propeller as compared with the screw, 
and an entirely new propeller, having ad- 
mirable qualities. It might happen dur- 
ing the time he remained as an adviser of 
the Board of Admiralty that that depart- 
ment might again be pressed, as they had 
been during the last twenty years, to 
build a ship propelled by the hydraulic 
jet. He could only say, and he said it 
without the least hesitation, that such a 
proposal would have his uncompromising 
opposition. 

Mr. Thomas A. Hearson said that in 
the hydraulic experiments under discus- 
sion the short-coming of the propeller 
was due to losses in the flow of the water 
through the pump and through the pas- 
sages, and the loss was much more than 
could be submitted to with a continued 
use of the propeller. But the system 
had its advantages, and its advocates said 
that if experiments were continued the 
efficiency would be improved. It was 
therefore advisable, before continuing the 
experiments or condemning the system, 
to examine into the loss quantitatively 
and see how much was inherent in the 
system and unavoidable, and how much 
might be got rid of by improving the ap- 
paratus. The author had shown, and it 
might be accepted without doubt, that 1 
ton of water was delivered per second by 
means of an engine of 167 H. P., with 
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an efficiency of 0.77, which amounted to 
this—that every pound of water deliv- 
ered received an amount of energy of 
314 foot-pounds, in other words, received 
a head of 314 feet. Of this head it 
might be easily caleulated that only 10.4 


was usefully employed in propulsion, and | 
that 4 feet more was wasted in the en-| 
ergy with which the water left the nozzle. | 
This left 17.1 feet of head wasted in| 


some other way. If the water were im- 
agined to be taken up gradually by the 
action of the pump, to be endowed with 
energy given to it by the wheel from the 
engine, and to be delivered without any 
abrupt change of velocity into the casing, 
and then delivered through the nozzles ; 


in other words, if the pumps were as-| 
sumed to be acting perfectly, how muci | 


loss would there be? The loss in such 


a case—that due to surface friction—was | 
calculable. It might be expressed as a) 
fraction or a multiple of the energy of | 


motion at some point in the line of mo- 
tion, say at the nozzle. He had caleu 


lated that in the Thornycroft boat the | 


fraction of the energy of motion rela- 
tively to the nozzle which represented 
the loss by surface friction was approxi- 
mately 0.4; in other words, the coeffi- 
cient of resistance as employed in hy- 
draulics to express the loss of head was 
approximately 0.4, not less than 0.3 nor 
more than 0.5. Mr. Thornycroft had 
succeeded in keeping it down almost to 
the lowest amount, the boat employed 
lending itself to a comparatively small 
coefficient of resistance, for the dimen- 
sions were small relatively to the power, 
and the length of the passages were 
short relatively to their section. Taking 
0.4 of the energy of motion as an accu- 
rate estimate, that would amount to 8} 
feet of head lost by surface friction, and 
there remained yet 8} feet to account for. 
It would be instructive to work out the 
loss and efficiency if a value of 0.3 and 
also 0.5 were assumed instead of 0.4 ; and 
further, to work it out for a different 
velocity of flow. In the Thornycroft 
boat the velocity of flow was 12 that of 
the boat ; what the author called the ac- 
celeration was j of the velocity of the boat. 
If the area of the nozzle was increased 
17 per cent., so that the acceleration was 
reduced to 4, the efficiency fraction was 
but little altered, being increased from 
0.458 to 0.465, calculated from 


| 

9° 
| . v 

| Efficiency = —— = a 

| (1+F)(1+*) -1; 
| which was derived from— 
vs 


Efficiency = ——, 
8 
US + 2 + F ° 


(v+s)" 
2 

'F being the coefficient of resistance, 
showing that very little, indeed, could 
be gained by increasing the size of the 
‘nozzle. The best efficiency worked out 
|to 0.52, which was about the limit at- 
'tainable by this method of propulsion, 
leaving out of account the efficiency of 
the mechanism of the engine. If that 
was good enough as compared with 0.65 
of the screw, it might be continued in 
use; but he thought it would be admit- 
ted that it was not good enough. He 
wished to speak a little more of the loss 
of 84 feet, to which he had referred, and 
which had not yet been accounted for, 
the additional loss over and above that 
due to surface friction. From the prin- 
ciple of momentum—the turning moment 
being equal to the change of moment of 
momentum imparted to the water—tle 
energy delivered to the water by the en- 
gine per lb. of water might be otherwise 
calculated. It was equal to the product 
of the velocity of the periphery, and the 
tangential velocity of delivery divided by 
G, and equating that to the otherwise 
estimated amount of 314 feet of head, it 
resulted that the water was delivered 
from the pump wheel with a tangential 
velocity of but little more than 18 feet 
per second, from a wheel going at a ve- 
locity of 56 feet, into a casing where 
the water had a much higher speed of 
motion, since it had, on the average, a 
velocity of 37} feet. It was the eddy- 
ing due to the difference in the veloc- 
ities of the streams in the casing that 
produced the additional loss of 84 feet— 
a loss which it was hoped might be got 
rid of by a better pump. The water 
came from the wheel into the casing with 
energy of motion given to it by the engine 
equivalent only to 5 feet of head. The 
rest of the 314 feet was pressure head 
which took effect in increasing the 
flow, accelerating the speed of the water 
in the casing, and the remainder was dis- 
sipated in fluid eddying. If it were im- 
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agined that the streams were kept separ- 
ate, and the loss for a moment suspended, 
then the additional 84 feet would be em- 
ployed in increasing the flow of the water. 
Increasing the flow would mean retarding 
the tangential delivery into a casing 


where the water would be going faster, | 


which would increase the tendency to ed- 
dying. The pump gorged itself. It was 
easier to find fault than to suggest a 
remedy; but he would mention that to 


enlarge the dimensions of the casing 


might be an improvement, so that the 


water might flow round the casing with | 


a smaller velocity and not be subject to 


the eddying described. To fix guiding | 
blades in the passages leading to the) 


wheel might be another improvement, so 


that the water would come to the wheel | 
with a considerable moment of momen- 
tum, and less would be required to be) 
given to it by the pump-wheel itself; or | 


perhaps by making the blades more radi- 


al, less eurved back, the loss would be | 


Jess. 


Captain H. E. Crozier, R. N., observed | 


that as the officer who commanded H.M.S. 


Viper in the experimental trials against | 
the Waterwitch, he begged to take excep- | 


tion to some of Admiral Sir George 
Elliot's remarks. 
that any comparison could be made be- 
tween the ships. He had watched the 
Waterwitch, and it appeared to him that 


He had never imagined | 
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demned as unseaworthy it was scarcely 
possible that the Admiralty would have 
allowed her to make such a voyage. At 
the trials between the Viper and the 
Waterwitch at Portsmouth, the vessels 
started with all their weights on board. 
His orders were that the mean draught of 
the Viper should be about 12 feet 4 inches. 
He had an idea that by altering the trim, 
which he was entitled to do, he should 
get more speed—a more solid body for 
the screws to work in; and, at the same 
time, that by taking the weights from the 
extremities the ship would be more lively 
and seaworthy. The builders’ trial was 9 
knots, but he obtained, as was expected, 
9.4 knots per hour. Mr. Ruthven, who 
/was on board, complained that the trial 
was unfair. The Admiralty decided that 
another trip should be taken, and he then 
got 94 knots nearly. He had stated that 
at the trials the Viper exerted H.P. up to 
'650, while the Waterwitch exerted 750. 
The Waterwitch had then part of her 
'weights taken out, and she ran, not in 
such a state of efficiency as she should be 
in when going to sea, at 9.2 knots per 
hour. He thought that if a vessel so 
built managed to attain the speed he 
‘had mentioned, the same power would 
be far better exerted by the screw, which 
was more simple. Again, what would be 
‘the use of the Waterwitch in shallow 
|water? If she went into 12 feet 4 inches 


unless she used enormous power, she had | depth of water, drawing 12 feet 2 inches, 
very low velocity. When off Portland on | she would suck up mud and stones, and 
her passage to Plymouth in a single-reef | remain as if at anchor. As far as her 
topsail breeze, and in the trough of the propelling power was concerned, a vessel 
sea, her propelling force nearly failed. should go into action under command. 
Admiral Sir George Elliot had stated that | Imagine the Waterwitch at full speed, at 


the vessels Viper, Vixen, and Waterwitch, 
on account of their rolling, were con- 
demned as unseaworthy; and that the 
two former had been taken out to Ber- 
mudaand laidupthere. The Waterwitch 
was laid up in ordinary at Plymouth, be- 
cause she was condemned as unseaworthy 
after failing so signally off Portland, 
when she just managed to get in “by the 
aid of her sails” under the breakwater, 
was taken to Plymouth when the weather 
moderated, and was paid off. ‘he Viper, 
on the contrary, was employed on the 
coast of Ireland and at Liverpool. She 
steamed about 2,000 miles, exposed to un- 


‘which alone she would be serviceable, 
struck by a shot, and some of her pumps 
| getting out of order! It had been men- 
tioned that the Vixen was condemned 
‘when she first went outside the break- 
|water. That was easily accounted for. 
‘It was because her hatches were not bat- 
|tened or screwed down. She nearly sank 
‘as the water got into her. Of course, 
| when the bottom of a vessel was flat, and 
she had 2 feet depth of water in her, as 
She rolled the fires would be put out. 
| When he took the Viper from Plymouth 
| bo Bermuda he was thirty days at sea, 
and there was very little rolling. It was 


certain weather, and then made a passage ‘not even necessary to have “fiddles” on 
to Burmuda by sail and steam averaging | the table to prevent the china and glass 
6 knots per hour. If she had been con- falling off. In all the 6,000 miles that 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 





he had steamed in the ship he had never 
seen her roll heavily. 

Mr. J. R. Ruthven observed that the 
author gave the efficiency of the hydraulic 
in the Waterwitch at 18 per cent., which 
was a force of only 4,800 lbs. to propel 
the ship; but to propel the ship at 9.3 
knots per hour the hydraulic-propeller 
must have given out a force of 13,000 Ibs., 
and so have had a total efficiency of nearly 
50 per cent. of the indicated H.P. A 
considerable difference existed in the pro- 
portions of the boats whose trials were 
under comparison. The Viper, Water- 
witch, and Swedish boats were all about 
five times the beam in length; while the 
Thornycroft was nearly nine times. The 
author had taken the coefficients from the 
displacements, but when the proportions 
differed so much the coefficients from the 
cross-sections furnished a better com- 
parison of the propellers. They were as 
follows: 


Swedish screw 
Swedish hydraulic... . 
Thornycroft screw 
Thornycroft hydraulic 


By these coefficients the Thornycroft 
screw was shown to be inferior to the 
screw in the Viper, still more so to the 
Swedish hydraulic propeller; and the hy- 
draulic propeller in the Waterwitch was 
123 per cent. better than the Thornycroft. 

Mr. Joseph Bernays stated that he had 
had considerable experience with centrif- 
ugal pumps, but he had not tried to 
adapt them to the hydraulic propulsion 
of vessels, because he considered the 
principle on which they acted was not 
suitable for that purpose. 





He did not! 


say that they could not be used; the ex- | 


amples under discussion showed the con- 


trary ; but in matters of that kind the| 


question was one of final efficiency or} 
or 0.46. He did not know whether with 


economy. It was understood with re- 
gard to the propulsjon of vessels that, in 


order to obtain the best effect, as much | 


water as possible must be driven towards 
the stern of the vessel, and with as littie 
speed as possible, otherwise a great deal 
would be lost in energy. The centrifugal 
pump propelled a small quantity of water 
with great speed towards the stern. 
Comparing the two classes of vessels il- 
lustrated in Plate 1 the matter would be 
rendered clear by merely taking the area 





of the screw and the area of the inlet 
of the propeller. Judging from the 
load-line, he imagined that the diam- 
eter of the screw was about 3 feet: 
the area of the circle would be about 7 
square feet; the diameter of the inlet of 
the hydraulic-propeller was probably 1 
foot, and the proportion of 0.785 square 
foot to 7 square feet represented roughly 
the difference in the volumes of water 
acted npon, and showed the necessity of 
greater speed being imparted to that 
issuing from the hydraulic-propeller than 
to that which issued from the screw-pro- 
peller. Another disadvantage would nec- 
essarily be the position of the pump at 
the bottom of the vessel, where if any 
damage occurred it would be very diffi- 
cult to remedy it. It was stated in the 
paper that floating bodies were not liable 
to damage the internal propeller, but in 
reality there was a great sucking in of 
water into the propeller with a certain 
amount of speed, which made it liable to 
catch floating bodies, such as wood shod 
with iron and things of that kind. If 
these were to enter the propeller it would 
be liable to be damaged, and although it 
was in sight of everybody it could not 
be got at. If in that way the casing 
were damaged, he imagined that without 
bulkheads the vessel would be lost. Some- 
thing had been said about the great pow- 
er for stopping leaks, but he did not see 
where it was to come from, or how it was 
to be applied, any more than with the or- 
dinary screw propulsion. But assuming 
that hydraulic-propellers were suitable for 
the propulsion of vessels, he did not think 
they had had a fair chance in the arrange- 
ments that had been exhibited. Perhaps 
the preference should be given to the 
shape of the Ruthven propeller, because 
even in the paper it was credited with 
0.50 efficiency, whereas the more modern 
arrangement was only credited with 0.47 


regard to the latter any allowance had 
been made for the improved inlet, because 
if so the efficiency of the propeller proper 
would be still less. Many years ago he 
had written some letters, which were 
published in some of the engineering 
papers, with reference to the proper shape 
of pump-arms. He would not repeat what 
he had written, but would merely say 
that the shape of the path which a drop 
of water should pursue in the pump was 
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a curve like that stated to be followed in | scoop in order to bring the water up, 
the Ruthven propeller, but not solong;|then it would be merely a question 
and in order to make the water take that | whether that scoop had better be used in 


course, the arm must wedge itself under | 
the water near the inlet, and must be 
more radial as it got out, to let the water | 
issue from the pump-disk in a more tan- | 
gential direction. He spoke of the mat-_ 
ter without any prejudice in favor of one | 
pump more than another. The arms 
forming the real propelling part of the | 
pump, their shape was of great import- | 
ance. The position of the pump, as | 
shown in the drawing of the torpedo boat 
(Plate 1), appeared to him to be alto- | 
gether wrong. He thought that there | 
were many places where the power of the 
engine given out was wasted. First, the 
water was raised vertically, or on an in- 
clined shoot, then it was bent at right 
angles and round the casing in all direc- 


that particular position, having already 
employed the power of thie engine or of 
the machine to propel the boat, or wheth- 
er it was better only that the pump itself 


‘should draw it up without the scoop. 


Credit was taken for the fact that in the 
arrangement described the relative veloc- 
ity of the water and of the boat was not 
lost. It was, however, he thought, mani- 
fest that if the scoop were taken a little 
further up, and brought to the vertical 
line, the. water would have acquired the 
velocity of the vessel before it entered 
the turbine. It had arrived nearly at 
that position, and it was evident that the 
greater portion of the velocity of the 
vessel would have been given to the 
water, and if it could not be utilized af- 





tions, whereas it was only wanted to move | terwards by changing its motion, all that 
in one direction. Next it had to go|energy would be lost. But it was not 
through several small pipes, each bent, | lost; it was merely the portion due to fric- 
and finally it issued through a small jet. | tion which was lost. If the turbine was 
At every such change the water lost some | lowered almost to the level of the bot- 
of the power that had been put into it.| tom, the scoop done away with, and the 
An endeavor should be made to de- | hole for taking up the water elongated, 
liver the water out of the pump in as then the lifting power of the pump 
broad a stream as possible, so as to issue | would virtually do all that the scoop did, 
with the least possible speed and with and this advantage would follow, that the 
the least possible loss of effect ; and that, | motion of the vessel would not have been 
he believed, if other difficulties were not |communicated to the water; part of the 
realized, could be done by placing the! water would not have motion communi- 
pump as far astern as possible. How cated to it, and a certain amount of loss 
that might affect going astern or steering ‘would be avoided. It appeared to him, 
he would not say, but he thought there | therefore, that the scoop was a mistake. 
might be methods of getting over the dif-| With reference to the chamber for the 
culty. distribution of the water into the vanes 

Mr. W. Atkinson observed with refer-| of the propellers, it would be seen that 
ence to the intake of water by the inclined | in the model of a parallel flow turbine 
shoot, that the author stated that in| exhibited there were guide blades, the 
all previous hydraulic boats the water object of which was to transfer the press- 
had been taken through a hole in the ure of the water into rotary motion, so 
bottom, in such a way that all its velocity that when it entered into the chamber of 
relatively to the ship was destroyed be-'the pump, the inner portion of which 
fore it entered the pump, and that that | was rotating perhaps at about thirty feet 
velocity had to be restored by the pump, | per second, it should enter without shock 
which involved a large waste of power. and loss of power. He should like to 
It appeared to him that there was a mis- know why the guide chamber had been 


conception upon that point. In the first 
place it must be assumed that the water 


omitted, because he had never known any 
turbine arrangement without one. He 


_ In the river or the sea was stationary, | thought if it was desired to perfect the 


and that the boat only was in motion. As| pump, an efficient guide-blade chamber 
the water was not in motion, it was evi-| should be introduced, and at the top an 
dent that no energy had been put into it, | inverted cone, as was shown in the dia- 
and that there was no loss to avoid. If ‘am of the Waterwitch pump, where, 


it was thought necessary to adopt a| however, it was used for a different pur- 
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pose. There would then be a second 
guiding power. The water which was 
forced in a state of great commotion into 
the chamber would be let off gradually 
in each direction. It had been stated in 
the discussion that the object was to 
drive as much water as possible astern. 
He thought that the object was not to 
send the water astern, but to propel the 
vessel ahead. In driving water astern, 
the energy due to the motion greater 


than the motion of the water in the sea | 


was lost. The paper stated that the ve- 


locity of the vessel was 22 feet per sec- | 
‘had not attempted to remodel the vessel 


or its machinery in any essential particular 


ond, and the velocity of the jet 37 feet. 
He supposed that the difference between 


those two velocities was equivalent to 16 | 
He believed it had been ad- | 
mitted by Mr. Thornycroft that it would | 
have been better not to have had the noz- | 
further on in the right direction. 


H. P. lost. 


zles at so great an elevation. If the 


water by that arrangement was raised | 


only 2 feet it was equivalent to a loss of 
8 H. P. 

That, he thought, would indicate the 
direction in which there were great and 
unnecessary losses. If it were really 
necessary to have that particular form of 
hydraulic propulsion, he thought it would | 


given in Emerson’s “ Hydro-dynamics,” 
1882, p. 124. 

Mr. W. E. Rich observed that the au- 
thor had quoted the statement of Lord 
Dufferin’s Committee, “ We are of opinion 
that the system is deserving of a more 
thorough trial than it has yet received,” 
and he thought if the Institution of 
Civil Engineers were called upon to ad- 


vise upon such a subject at the present 


moment, they would have to endorse 
those remarks made thirteen years ago. 
He believed that Mr. Thornycroft, who 
had done a great, deal in his first attempt, 


since his trials were made; and probably 
if he had to construct another vessel on 
the same system, many points brought 
out by the experiments would lead him 
The 
late Professor Rankine laid down the 
principle which was now generally recog- 
nized, that the chief reason why very high 


‘efficiencies could never be looked for 
from the hydraulic system of propulsion 


was that another machine was introduced 
whose efficiency must be allowed for. 
Mr. Thornycroft had already obtained a 


be much better to place the axis horizon-| speed of 12 6 knots per hour, and from a 


tally, which would no doubt get rid of a) 
great deal of choking up the passages, 
and there would be a direct flow of 
water through the propeller, and econ- 
omy would be the result. The axial 
or parallel propeller appeared to be 
the best. He wished to direct at- 
tention to a turbine with an inward flow, 
that had, he believed, yielded the highest 
efficiency of any turbine ever constructed, 
and no doubt it could be appropriately 
placed in a vessel of the kind described, 
and would give much greater efficiency 
than the one under discussion. Probably 
one such turbine on each side of the 
boat would be the best arrangement. It 
was an American invention, and called 
the Victor, being a modification of the 
Hercules. The guide-blade chamber 
formed the outside casing, inside which 
was the register rate and the vanes, as in 
an inward flow, but with the addition of 
another set of vanes as in a parallel flow 
turbine. Thus, within a small space 
there was a large vane surface, with the 
result that for the same weight a greater 
power could be developed than in an 

other turbine. 


general review of the calculations given 
in the paper, Mr. Rich was of opinion 
that 15 knots was a possible speed with 


‘with the same boat and engine power. 


The great point in which improved re- 
sults might be obtained was, he thought, 
in the efficiency of the fan. ‘lhe author 
showed an efficiency of fan and engine 
combined of 0.35, and then estimating 
that the engines gave 0.77 efficiency in 
themselves, he credited the pump with 


the remaining 0.46. But the Thornycroft 
engines gave a much higher efficiency 
‘than 0.77. The traction engines tested 


by the Royal Agricultural Society at 
Wolverhampton in 1871 gave an average 
of 0.84, and the portable engines tried 
at Cardiff in the following year gave a 
mean efficiency of 0.825. He did not 
think that the engines of the Thorny- 
croft boat were inferior to these, for 
probably none were made with greater 
care and more frictionless. Taking the- 
Thornycroft engines, therefore, as capable 


of doing 0.83, the efficiency of the fans 


would be 0.42. As long ago as 1851 the 
late Mr. Appold, with the assistance of 


Drawings of it had been | other gentlemen, determined that one of 
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his earliest pump-fans, 12 inches in di-| pumping station near Amsterdam. The 
ameter and 6 inches wide, pumping 1,250) object in putting it in was to get the 
gallons a minute, with a 10-feet lift, gave|same quantity of water lifted with a 
an efficiency of 0.68. A _ centrifugal | lower engine speed, and this had been at- 
pumping engine, for draining Whittlesea | tained; but there was no evidence of im- 
Mere, was erected in the following year| proved efficiency in consequence of the 
under Mr. Appold’s supervision, and | change. 

twenty years afterwards, when Mr. Rich; Mr. W. Schénheyder said it was im- 
assisted in testing it, the engine and_| portant, in arranging the propulsion of a 
pump were giving a combined efficiency | boat by hydraulic power, to have a pump 
of 0.45. A larger engine and pump, /|of the best shape for efficiency. It ap- 
which were substituted for the originals | peared, from what had been done with 
shortly after these trials, gave 0.53 of ef-| centrifugal pumps by various engineers, 
ficiency. The Witham drainage engines | that there was a great diversity of opin- 
and pumps, which he tested in 1873, were | ion as to the best form of pump both in 
much more powerful, and gave a com-| the cross-section and in the shape of the 
bined efficiency of 0.63, which he believed | blades. He was certain that if engineers 
was about the highest result on record.| would pay attention to what had been 
They were throwing from 350 to 400 gal-| already accomplished with turbines, and 
lons per minute, as measured over a| would remember that a centrifugal pump 
gauge weir. Of course, with a centrifu-| was only an inverted turbine, they would 
gal pump, as with a turbine, there was} not have such poor results as had been 
for every fall or lift one speed, and one from time to time recorded. The best 
volume of discharge at which it would | information with regard to the centrifu- 
give its maximum efficiency ; and if the gal pump was, he believed, to be found in 
proper relations between fall speed and| Mr. David Thomson's paper, read on the 
discharge were not strictly regulated the | the 14th of February, 1871,* which con- 
efficiency decreased very much. He had | tained an account of what had been done 
not examined the details of the Thorny-|by the late Mr. Appold. Mr. Appold 
croft fan analytically, nor was he in a had experimented upon fans with arms 
position at the moment to offer any ad-|of three shapes, radial straight arms, 
vice as to the best way of improving it ; | straight arms placed at an angle with the 
but from the experiments of Mr. Appold | radius, and curved arms, such as those 
and others, he was inclined to think that in the Swedish pump. Naturally he ob- 
a broader fan with a smaller diam-|tained the best results with arms like 
eter, and driven faster, would prob-| those in the Swedish pump, but that 
ably give greater efficiency than the | was no proof that that was the best 
fan exhibited. He also thought that possible section. The object, of course, 
if the skin of the fan could be kept!in constructing arms should be to give 
further from the skin of the casing, bet-| the water a gradual rotary motion, cut- 
ter results would be obtained. In the ting through it like a knife through a 
construction pf fans working centrifugal | piece of cheese on entering, and then 
pumps skin friction was an important | gradually getting the rotary motion, and 
element. In the Witham pumps, with /| finally giving it the proper direction in 
fans 7 feet in diameter and 2 feet 2|which it was wanted to run. That, of 
inches wide, skin friction absorbed a ma-| course, was the reverse of what was 
terial part of the whole power. There found in turbines. In the blades experi- 
was not only skin friction on the circular | mented with by Mr. Appold, the curve 
surfaces, but there was the skin friction; was that of a screw of uniform pitch. 
of the water passing through the pas-| The water being moved around by those 
sages. The result was that a small fan| blades at once acquired a certain rotary 
often gave a higher efficiency than a large | motion, and no increase of rotary motion 
one. The fan of the Swedish pump re-| was given by them afterwards. The ef- 
sembled that of the late Mr. Appold, but | fect was a blow to the water, which must 
its blades curved more. He had substi-| very much diminish the efficiency, in ac- 
tuted a fan with blades shaped like those | cordance with what had been laid down 
in the Thornycroft propeller, about nine | —— et 
years ago, for an Alea d fan ata pol der | 26° Minutes of Proceedings Inst. C. E., vol. xxxii., p. 
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by the best authorities on turbines. The 
Thornycroft wheel was a better pump 
than the Swedish pump or the Water- 
witch. Mr. Thornycroft had shown the 
path which the water took in passing 
through the wheel, but unfortunately he 
partly condemned his own work. It 
would be seen that the water entering 
the vanes took first of all a radial direc- 
tion, or rather a radial direction partly 
backwards, and when it had passed half- 
way through the vanes a rotary motion 
was given toit gradually. From the dia- 
gram it appeared as if the vanes were made, 
he scarcely knew how, and afterwards the 
path which the water took was found; 
instead of which, first of all, the path of 
water should be. determined, and then 
the vanes made of a proper section to 
give it that path. It appeared as if the | 
first half of the length of the blades was | 
useless, or worse than useless, because | 
the water passed through them, and lost | 
a certain amount of efficiency in friction. | 
If half the inner length of the blades was | 
cut away, he believed that better results | 
would be obtained, motion would be im- | 
parted to the water in the same way, and | 
there would be less frictional resistance. | 
He did not know how far the diagram of | 
the Waterwitch pump was correct—no | 
doubt it was correct from the data pos- 
sessed by Mr. Thornycroft, but probably 
the delivery had been very much under- 
rated. It would be seen that the water 
received a sudden blow immediately it en- 
tered thearms, which it ought not to have, 
and which would necessarily occasion 
loss. Mr. Thornycroft was correct in 
stating that Mr. Rigg was the first to use 
guide-blades for a propeller, but not in 
stating that he used curved guide-blades, 
for they were perfectly flat. The water 
was assumed to strike against them like 
a billiard ball against the cushion, and fly 
off at the same angle. A paper by Mr. 
Rigg on the subject was read before the 


Society of Engineers in 1868,*' and the) 


honor of first using that method was 
certainly due to him. As to the possi- 


bility of a water. propelled boat ever being | 


efficient, he thought there could be no two 
opinions. 
into the water to act upon the whole sea, 


it appeared to him to be necessary to, 





Instead of putting a propeller | 


* Society of Engineers. Transactions for 1868, p. 202. | Ways great difficulty in keeping the gear 





take the sea into the boat in order to get 
a sufficient volume to act with efficiency. 
Mr. J. P. Symes said that reference 
had been made in the paper to a floating 
fire-engine in which, by the advice of Mr. 
Brunel, one of the hydraulic propellers 
was used. Some of the previous speakers 
had expressed an opinion that if the axle 
were placed horizontally it would give 
better results than if it were vertical; and 
one speaker had said it was a pity that 
the hydraulic propeller had not been tried 
on a boat of exactly the same dimensions. 
Messrs. Thornycroft in their experiments 
had varied the dimensions of the boat 
somewhat, for the purpose of giving an 
advantage to the hydraulic propeller. The 
floating engine referred to in the paper 
was still in existence. It was fitted with 
a centrifugal pump with the axle horizon- 
‘tal, and was driven by means of gear, 
but did not exist at the present as a hy- 
draulic-propelled boat. This vessel had 
| been built by Messrs. Ditchburn and Mair 
‘in 1855, and the machinery, including the 
| centrifugal pump for propelling the ves- 
| sel, the steam fire-engine and the gearing 
for driving the centrifugal pump, were 
| fitted by Messrs. Shand, Mason and Co., 
the engines being high pressure, but the 
results obtained were not very satisfac- 
‘tory as to speed. The boat was 100 feet 
long, 14 feet 9 inches beam, and had a 
mean draught of 4 feet 4 inches. The 
design of the boat was very favorable 
\for a-moderate speed—a much higher 
speed than had ever been obtained by 
the hydraulic propeller. Water was 
taken in at the flat bottom through a 
square hole without any particular 
guide. Originally the water was dis- 
charged below the water-line, which some 
persons seemed to think an advantage ; 
but some time after the jets were re- 
moved and placed a short distance above, 
as described in the paper, but the differ- 
ence in speed was scarcely perceptible. 
He was not able to say whether the jet 
protruded outside the vessel; if it did, 
‘that no doubt would account for there 
being no difference in the speed, because 
| the friction of the jet outside would be 
sufficient to re-act against the advantage 
‘of placing it below the water. The speed 
‘obtained by the boat, as far as he had 





| been able to ascertain, was never higher 
|than 6 knots per hour. There was al- 
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in order, so much so that at last the ves-| 
sel was towed to fires instead of using | 
the hydraulic propeller. In the year) 
1878 the Metropolitan Board of Works, | 
whicu had cl arge of the fire brigade, de- 
cided to have the vessel converted into a 
twin-screw boat. Here was a vessel of 
the same dimensions, with the same dis- | 
placement and draught of water forward | 
and aft, and by converting it into a twin- 
screw boat an opportunity would be af- 
forded of seeing if any advantage would 
be gained. His opinion was that Mr. 
Thornycroft in altering his design had 
done so in favor of the hydraulic propel- 
ler. He could not give any indicated 
H.P., but the basis might be taken as 
boiler power. It was proved that the 
engines driving the centrifugal pump 
used all the steam that could be gener- 
ated by the boilers; and as the boilers 
were left in, they had the same basis of 
power. Two pairs of high-pressure en- 


gines were fitted in by Messrs. A. Wilson 
and Co., of Vauxhall, with cylinders 8 
inches in diameter and 9 inches stroke, 
the propellers were 3 feet in diameter 
and 5 feet 6 inches pitch, from two hun- 


dred and sixty to two hundred and eighty 
revolutions per minute were attained. 
On a trial with the twin-screws a speed 
of 10 knots per hour was obtained 
against 6 knots for the hydraulic-propel- 
ler with the same boat, the same displace- 
ment, and the conditions in fact almost 
the same. He thought this confirmed 
the author's opinion and experiments 
that even with exactly the same boat the 
results would be much in favor of the 
screw-propellers for the power developed 
by the engines, so much so that the hy- | 
draulic-propeller had no chance in the 
competition. 

Mr. Sydney W. Barnaby, in reply, said 
he thought the institution as a body had | 
reason to congratulate itself upon not be- 
ing responsible for some of the facts and | 
opinions that had been advanced during 
the discussion. So many criticisms had 
been made upon the paper, that he should 
not reply to them all. Of course, with 
a large hole in the bottom of the boat, it 
would be likely that floating material 
would get in, but to prevent that a 
grating had been supplied, and although | 
it checked the admission of the water, it | 
had the advantage of keeping anything | 
out except a certain amount of sand and} 


gravel, which the pump threw out in 
very shallow water. He could not ap- 
prove of the suggestion that the pump 
should be at the stern df the boat. The 
reason for putting it in the center was 
plain; the object was to get as big a 
pump as possible, and as the boat was 
small, the center was the only place for 
it. There was a further benefit from the 
extra displacement obtained by the in- 
creased section of the boat abaft the in- 
let. The further forward the pump was 
taken the greater the advantage of that 
extra displacement. It had also been 
said that the pump would be more effi- 
cient if it had guide-blades. The fans 
of the pump were so adapted as to take 
the water without shock, and to gradually 
accelerate it, and he thought when the 
pump was so devised the guide-blades 
were not necessary. With respect to his 
coefficient of efficiency of the engines, 
he had taken some pains to get at a fair 
estimate. He had written to Mr. Rich, 
knowing that he had made many experi- 
ments, and he gave him a probable ef- 
ficiency of about 0.80. Mr. Lilliehddk, 
the designer of the Swedish boat, had 
taken his efficiency as low as 0.72, 
and Mr. Brin, the Italian construc- 
tor, about the same. Mr. Wright 
gave 0.77 as a more probable efficiency 
for a marine steam-engine. It should 
be observed that although the Thorny- 
eroft engine was no doubt as efficient as 
any other, still in the trials the engines 
were quite new in the boat (after a little 
running no doubt they would go more 
freely) while those of Mr. Rich were 
running in their most efficient condi- 
tion. It was, in fact, a trial for econ- 
omy. With regard to the use of the 
scoop for preserving the velocity of the 
feed, the water had a velocity relative 
to the boat, equal to the speed of the 
boat. If the water was admitted to the 
pump by a hole at right angles to the 
direction of its motion, all that velocity 
was instantly destroyed. In other words, 
the water had a forward velocity impart- 
ed to it by the boat equal to the speed 
of the boat, out of which velocity no ad- 
vantage could be obtained. When the 
entrance was a curved one, as in the 
Thornycroft boat, the water had its di- 
rection gradually changed, and it might 
be made to rise into a tank at a height 
depending upon its velocity. True it 
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would have a forward velocity equal to| 
the speed of the boat if the pipe reached | | 
the vertical; but it would be the orig-| 
inal velocity with a changed direction. | 
It might be carried any distance in the 
tank, ~ but when it was allowed to fall 
through a pipe curving aft it would issue 
with the same velocity, neglecting fric- 
tion, with which it entered. 

In reference to what had been said | 
about the arms of the pump appearing 
to be ill-adapted to the path of the water | 
as calculated, it should be remembered 
that a very slight variation in the quan-| 
tity of water altered that path consider- | 
ably. The pump was discharging rather | 
more water than was intended, and it il- | 
lustrated the fact that a turbine could | 
only work at maximum efficiency in one | 
particular set of conditions. The speak- | 
ers in favor of the system of bydraulic | 
propulsion might be roughly divided into | 
two classes: there were first those who | 
said they admitted that there was a con-| 
siderable loss of power by the system, | 
but looking at the great advantages | 
which were to be obtained from it (ad-| 


not matter in the least in regard to the 
velocity obtained. Taking this principle 
as a basis, he endeavored to show that by 
| fixing the velocity of discharge at 37 feet 
per second, Mr. Thornycroft ‘had thereby 
limited the speed of the boat to that ob- 
tained. He stated he was sure he could 


not obtain a speed of 17.7 knots per hour 
| without a velocity of discharge of 91 feet 


per second. Mr. Barnaby submitted 
some figures in order to invite attention 
to that point, and to show the fallacy of 
the principle thus laid down. 

wvs 
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w= weight of water discharged in lbs. 
per second ; 


v= speed of vessel in feet per second ; 
s= slip or acceleration ; 
g= 32.2 feet ‘prs second. 
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vantages which had been described in the | ,, | 


paper and which he thought might be > 


easily over-estimated), the “question Was | 8.. 


what would they pay for them—would| 
they sacrifice something in speed, or 
would they keep the speed and make 
sacrifices in armor, or guns, or cargo, as 
the case might be? That was a question 
for the naval architect and the shipowner 
to determine, and he had nothing to say 
upon it. But the other class said not 
only that there need be no loss from the 
adoption of hydraulic propulsion, but 
that there should be again. Most of 
those speakers had commenced by saying 
that they did not approach the subject 
from a scientific point of view, and they 
proceeded to lay down a set of novel and 
astonishing principles as a basis from 
which to attack the results that had been 
arrived at. He could only say ‘that he 
had endeavored to approach the subject 
from a scientific standpoint. He did not 
know whether Admiral Selwyn was one 
of those who made that modest disclaimer, 
but one of the most important, but cer- 
tainly the most misleading of those novel 
principles was that enunciated by him 
when he said that the velocity of dis- 
charge was a much more important thing 
than the quantity ; that the quantity did 
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At the top was the formula given by 
Prof. Rankine for the efficiency of the 
He would therefore only repeat that 
the first term in the denominator was 
useful work, the other two terms were 
lost work. It would be seen that in the 
second term w appeared in the first pow- 
er only, while s the acceleration was in 
the second power. Therefore, if the ve- 
locity of discharge was increased the loss 
was increased as the square. If the 
quantity discharged was increased the 
loss increased at the same rate only. The 
first column showed the quantity of water 
acted on and the rate of discharge in the 
Thornycroft boat. The efficiency was 
0.71. In the second column one-tenth the 
quantity was assumed, and ten times the 
acceleration, the useful work, and there- 
fore the speed of vessel, remaining the 
same. The efficiency was 0.23. In this 
case the indicated H.P. would require 
to have been increased as 23 to 71. In 
the third column there was ten times the 
quantity and one-tenth the acceleration, 
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giving an efficiency of 0.77 with the 
same propelling effect. In these hypoth- 
eses no account had been taken of fric- 
tion, which added seriously to the loss 
as the velocity of discharge was in- 
creased. Therefore the rate of discharge 
was not so important as the quantity dis- 
charged, and if the whole Thames had 
been pumped through the boat it would 
only have required a velocity of discharge 
infinitesimally greater than the speed 
desired. He had heard that Admiral 
Selwyn had built a hydraulic boat of his 
own. It woul@ have been interesting 
to the Institution if he had explained 
how he had applied his principles, and 
with what success. He regretted that 
the discussion had been confined to the 
old battle-field of the Waterwitch and 
the Viper. He did not care to enter 
into that battle-field. If the results had 
proved conclusively that jet propulsion 
was wrong, there would have been no 
need for a Thornycroft hydraulic-boat or 
any other. They did not prove anything 
conclusively, and it was not until he 
came to collect all the information avail- 
able that he found out why that was so. 
No experiments of any value had been 
made as to the quantity of water pumped, 
or as to the rate of discharge; it was 
therefore impossible to get accurately at 
what the duty of the pump was. He 
did not pretend that the efficiency of 
0.18 was absolutely correct. As he had 


previously explained, he had taken that, 


from the calculations made by Mr. Brin 
in a paper read before the Institution of 
Naval Architects (vol. xii.). From con- 
siderations of the probable resistance of 


a vessel of the size and shape of the| 
Waterwitch, he calculated that 0.18 of | 


the H.P. which was indicated would be 
sufficient to give the speed which she at- 
tained. Mr. Barnaby had been induced 
to take those figures almost upon faith. 
Mr. Ruthven, junior, had, he thought, 
proved too much; he had endeavored 
to show that the screw of the Viper was 
a great deal better than the screw of the 
torpedo-boats, but that was so obviously 
impossible that the rest of his calcula- 
tions upon the same basis were probably 
incorrect. The new boats did really give 
a fair means of comparison. There had 
been no prejudice one way or the other, 
either in regard to the Thornycroft or 
the Swedish boats. In each case the 


designers of the screws designed the tur- 
bines, and the results had been unchal- 
lenged. The coefficients which he had 
given for the Viper and the Waterwitch 
were supplied to him by the Admiralty, 
and they represented trials where the 
displacement and the speeds were as 
nearly as possible alike. In the tables 
which Mr. M. W. Ruthven had exhibited, 
he had mixed up the coefficients of 
trials where the displacement varied 
from 995 to 1,205 tons, and where the 
speed varied as much as 14 knot per 
hour; he had mixed them all up and 
divided them by the number. He would 
refer to Fig. 13 to show what the effect 
of that was. In that diagram was the 
curve of the coefficient of a torpedo- 
boat at the same displacement under 
different speeds. The influence of a 
difference of 14 knot could be seen. At 
9 knots there was a coefficient of 228, 
and at 14 knot more speed it had fallen 
to 160. What was the value of any 
comparison between two systems of pro- 
pulsion if carried out upon those two 
speeds, and if besides the displacements 
and forms were different? The attempt 
to make such a comparison betrayed a 
fundamental misconception of the mean- 
ing and value of coefficients of perform- 
ance. Similar vessels of the same 
length should be tried at the same speeds 
and at the same displacements if a com- 
parison of propellers was desired, and 
similar vessels of different lengths should 
be tried at corresponding displacements 
and corresponding speeds. By corre- 
sponding displacements he meant dis- 
placements varying as the cube of the 
length; by corresponding speeds, speeds 
varying as the square root of the length. 
|Mr. Ruthven found a discrepancy be- 
tween Table 1 and Table 2. He did not 
‘understand how the coefficient of the 
| Waterwitch could be so much better than 
| the coefficient of the Thornycroft boat, 
and nevertheless the efficiency of the hy- 
draulic machine in the latter boat could 
be so much better than that of the 
‘Waterwitch. But there was not the 
smallest connection between the coeffi- 
cient of performances in Table 1 and the 
efficiency of the hydraulic machine in 
Table 2. If the engines of the Water- 
witch were put upon a Thames barge, 
or if the Waterwitch herself were moored 
| head and stern the efficiency of the hy- 
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draulic-machine might be exactly the | draught of water as the hydraulic. Asa 
same, but Mr. Ruthven would not like| matter of fact the draught of the screw- 
the efficiency of his system of propul-| boat under the keel was less than that of 
sion to be judged by the coefficients of | the hydraulic-boat, and it was only the 
performance obtained in such a trial. | blades of the screw revolving below the 
Admiral Sir George Elliot had claimed keel which made it exceed the draught of 
that jet propulsion had never had a fair | the hydraulic boat. Admiral Sir George 
trial, and that the designers had always Elliot would cut off the legs of the screw- 
been hampered by the conditions imposed | boat, and make it run upon its stumps, 

by the Admiralty. If he had led him to in order that it should not outrun the 
believe that they had been hampered in| hydraulic. That was not fair, but even 
any way by conditions as to the draught of | on that ground the screw-turbine propel- 

water he had misled him. The only con- | ler would beat the centrifugal pump. As 
ditions imposed were those stated by the | had been previously stated, in second- 
Director of Naval Construction, namely class torpedo-boat, with 4 inches less 
that the boats should be as nearly as pos- | draught of water than the hydraulic now 
sible the same, that a similar boiler was to | had, nearly 5 knots additional speed per 
be used, and that the designers were to do hour could have been obtained. The little 
their best as far as ‘getting speed was boat, of which a model was exhibited, 

concerned. Everysuggestion which they only drew 12 inches of water, and it 
had made as to modifications in the form | reached the astonishing speed of 15 miles 
of the trial boat which they considered | per hour with a screw-turbine propeller. 
would be to its advantage had been cheer- | A great deal of the uncertainty connected 
fully assented to by the Admiralty. Some | with the subject had been produced by 





of the suggestions were undoubtedly | loose statements as to the performances 
prejudicial to the efficiency of the boat 
as a torpedo-boat, but as it was a trial of 
hydraulic propulsion the designers were 
permitted to make even those modifica- 
tions. One of them, a small one, was in 
the position of the boiler; it was carried 
out to the end of the boat, and far away 
from the steam impulse for ejecting the 
torpedoes, which was an objectionable 
feature, but which was considered ad- 
visable for other ressons. Another 
was the position of the discharges. If 
the discharges had been below water 
the noise would have been avoided, and 
also the serious objection arising from 
the large amount of white water which 
made the boat readily detected by the 
electric light at night. They had, how- 
ever, fitted up a small centrifugal pump 
in a launch with the object of determin- 
ing the best position for the discharges. 
The nozzles were attached to dynamom- 
eters, so that the reaction could be meas- 
ured. The experiment showed an enor- 
mous resistance caused by the nozzle 
when below the surface; and it was clear 


propelled vessels. 





that unless long discharge pipes were 
used carrying the water aft, as in the 
Swedish boat, where the nozzles were be- 
low the surface (Fig. 2), the discharge | 
must be above water. Admiral Sir George | 
Elliot had also said that the screw-boat 
should have been reduced to the same! 


which had been attained by hydraulic- 
It had been said that 
the Nautilus had beaten another vessel, 
the Volunteer; it had been stated per- 
haps what the speeds of the vessels were, 
and their H.P., but nothing was men- 
tioned about the displacements, or which 
had the advantage in point of form. It 
was asserted, too, that the Nautilus chal- 
lenged all the Citizen boats on the river, 
and that they declined the contest. That, 
however, proved nothing. He might 
have come before the Institution and said, 
“ Here is a hydraulic-propelled boat two- 
thirds the length of a Citizen steamer, 
with very much less displacement, with a 
boiler of only two-thirds the heating sur- 
face and a weight of machinery of only 
54 tons against 14 tons, and yet it can 
run round and round any Citizen boat on 
the river.” That would have been the 
truth and nothing but the truth, but not 
the whole truth. The whole truth was 
that by means of forced draught an enor- 
mous power in proportion to her size was 
realized. It was a great pity that state- 
ments should be put forward which proved 
nothing, but which led to a great deal of 
misconception. He thought it was most 
desirable that scientific questions of that 
sort should be treated in a more scientific 
manner. 

Sir J. W. Bazalgette, C.B., President, 





HYDRAULIC PROPULSION. 


423 





said that if the Institution, as a body, did 
not hold itself responsible for the views 
which had been expressed, he felt sure 
that the subject had been advanced con- 
siderably by the discussion which had 
taken place. He had no doubt that it 
would lead to further experiments, and 
that an increase in the rate of propulsion 





by different modes would be the result of 
the consideration that had been given to 
the subject. The members must also 
feel that the author had devoted great at- 
tention to the subject, and had made a 
very able reply to the many objections 
which had been raised in the course of 
the debate. 





ON THE SOLAR TEMPERATURE QUESTION. 
By F. GILMAN. 


Written for VAN NosTRAND’s ENGINEERING MAGAZINE. 


I would like to make one more state- 
ment (which is my last) in regard to this 
question, since Prof. Wood’s article in 
the February number of this Magazine 
contains some assertions which call for 
areply. He says I assume that the in- 


tensity, or temperature, will be directly 
as the quantity of heat passing a given 
area of the spherical shell, but as this is 
erroneous my demonstration fails. 

Even supposing, however, that the 
ether is perfectly diathermanous, and 


consequently that the temperature of 
space is zero, it will not affect the ques- 
tion in the least; since what we wish to 
determine is the temperature of a material 
body like that of which the sun is com- 
posed, when brought into the sun’s vicin- 
ity. 

If such a body when brought near the 
sun will have a temperature of more than 
a million degrees, no reasonable person 
would deny that the temperature of the 
sun must exceed this. 

The temperature to which a body will 
rise when exposed to a given quantity of 
radiant heat, depends on its specific heat 
and on its absorptive power. 

A body brought near the sun would 
be converted to the gaseous state, and 
since the specific heat of all gases is near- 
ly the same, its rise of temperature would 
be proportional to the quantity of heat 
transmitted to it, if its absorptive power 
did not change. 

Admitting, however, that the absorptive 
power of solar substance is very small, 
and that if conceived to be detached from 
the sun’s surface, it would absorb but a 
very small fraction of the heat directly 
radiated to it, this would not invalidate 





the argument for the high solar temper- 
ature. The experiments of Prof. Tyndall 
have proved that the absorptive powers 
of different gases follow precisely the 
same order as their powers of radiation. 
Hence, the smaller the absorptive power 
of solar substance, the smaller will be its 
radiative power, and the higher must be 
the temperature of the sun in order to 
radiate the same quantity of heat. If, on 
the contrary, we suppose the absorptive 
power of detached solar substance to be 
very great, so that it absorbs nearly all the 
heat radiated to it, then it is easily shown 
(if the law of inverse squares from the 
center be true) that its temperature due 
to direct radiation from the sun, when 
near its surface, will not be less than two 
million degrees Fah. 

Prof. Wood attempts to show that ac- 
cording to the law of inverse squares as 
applied to a point on the surface ofa 
sphere, the temperature of this point 
will be infinite, and since, when the en- 
tire spherical surface is involved and the 
inverse squares are reckoned from the 
center the temperature is finite, there- 
fore the law of inverse squares from the 
center reduces to the absurdity of giving 
a smaller temperature when the entire 
surface is involved than when only a point 
is considered. 

It is evident that any process of reason- 
ing that leads to the conclusion of an in- 
finite temperature must be fallacious, 
even though that conclusion be derived 
from a formula. 

There are many formulas which, while 
correct in general, utterly fail to give 
true results at certain limits. If, how- 
ever, we consider an actual point as radi- 
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ating heat the formula will not give an 
infinite temperature at the point; for 
though the distance from the point be in- 
finitely small, the amount of heat radiated 
is also infinitely small, and the expression 
for the temperature reduces to 2, an ex- 
pression which may, and in the present 
case does, have a finite value. 

Prof. Wood says: “The nearer a body 
is to the sun the less will be the hot sur- 
face to which it will be exposed. So that 
while we may admit that the heat received 
from the small portions of the sun ex- 
posed to the pyrometer varies inversely 
as the squares of the distance from them, 
it also varies directly as the sum of those 
small portions; and since this sum di- 
minishes as we approach the surface of 
the sun, the law of the inverse square 
from the center fails.” 

In reply to this I submit the solution 
of the following problem: 

Assuming that the intensity of heat 


radiated in any given direction from a) 


And since cos. gf¢ = — sin. gfd, we have 
ge*—gf*—R 

297 R 
Substituting these values we obtain 


for the measure of the intensity due to 
the infinitely small zone 


qH=2 Rsin.x dx (2ge Reos.2—2R’*) 
(ge + R’—2ge R cos.x)$ 

(ge cos. e—R) sin. x dx 

(ge* + R*—2ge Rcos.x)3 

This integral taken between the limits 


sin. gfd= 








H=27R’ 





«=o and ¢= cos, = will include every 
portion of the spherical surface that can 
radiate heat to the point. 
Let a=ge* +R’ and =2 gcR 
Then 
27 R’ ge / cos.x sin.x dx 
- (a—6 cos.x) 3 








hot surface varies directly as the sine of 
the angle of obliquity, and inversely as 
the square of the distance, when the ra- 
diating surface is a point, it is required to 
find the relation between the intensity of 
the heat at a point g, and the distance 
gc of that point from the center of the 
hot spherical body fed. 

Consider an infinitely small zone (jr, 
and representing fc by R, and the angle 
Jed by x, the area of that zone will be 
27 R sin. 2 Rdx=27 R’ sin. x dx. Draw 
Ja at right angles to fe. Then we shall 
have for the measure of the intensity of 
heat received at g from the infinitely 
small zone, fr, the following expression : 


_ 27 PR’ sin. x dz sin. gfd 


7H 
. gf* 





But 
gf’? =9e° + R’—2 ge R cos.x 
gC°=gf' +R’ —2gfR cos. gfe 


‘ 








_ 27R' Sf sin.e de 
(a—6 cos.x)3 





cos.csinadx 2 
(a—beos.x)s 


(a—bcos.x)% + 


F 


a } 
(a—beos.a)% | 
JS sind 2 

(a—bcos.2)3 ~~ 6 (a—b cos. x)* 
Restoring the values of a and J, and 
taking the integral between the limits 





R : 
cos. «=1 and cos. x=— and reducing, 
ge 
we have 


| 


=m (ge-—-Vge—R) | 


But 
—V/ge—R'*=—ge 
R? 
* age 


R° 
‘eo 
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Hence 


anj Ri RR 


~ge | Qe * 8ge* Tége® ? 


When ge equals or exceeds 2R, all 
terms following the first may be neg- 


lected, and we shall have H="", that 


ge 
is the intensity varies inversely as the 


square of the distance from the center; 
while for all values of ye between R and 
2R the application of the preceding for- 
mula will give even a higher value for the 
temperature than the simple law of the 
inverse squares. Therefore it is evident 
that if the law of the inverse squares holds 
for a point, it may be said to more than 
hold for the center of a spherical body, as 
far as the argument for the high temper- 
ature of the sun is concerned. 





MEASUREMENT AND FLOW OF WATER IN DITCHES. 


By ROSS E. BROWNE, Member of the Technical Society of the Pacific Coast. 


Written for VAN NosTRAND’s ENGINEERING MAGAZINE. 


In the April number of this magazine 
there appears an article with the above 
heading, by Chas. E. Emery, Ph.D., in 
which some unaccountable misstatements 
occur. It isasserted that Mr. Bowie has 
used in his calculation the average depth 
of the stream in place of the hydraulic 
mean depth. That Mr. Bowie has not 
been guilty of such stupidity is apparent 
from the simplest calculation. The dia- 


grams, giving dimensions of the ditches r 


named, and included in the original pub- 
lication of the Technical Society, were 
omitted in the magazine article. This 
fact makes Mr. Emery’s method of reach- 
ing conclusions, with regard to the co- 
efficients of flow of these ditches, a mys- 
tery. 

Mr. Emery says: “ Full dimensions are 
not given from which to calculate 7 on 
the correct basis, but, assuming probable 


proportions for the ditches, it will be' 


found that for the Texas Creek Branch 


Ditch, ¢ should be 109, instead of 59* as | 


stated, &c.” 
It is presumed that Mr. Emery has 
carefully read Mr. Bowie's paper, as pub- 


If, then, the Texas Creek Branch Ditch 
is taken as example, a statement is found 
to the effect that the sectional area is 
13.5 (square) feet, the grade 20 feet per 
mile, and the flow 32.8 cubic feet per sec- 
ond. Ifunder these conditions the value 
of c is tobe 109, as claimed by Mr. Emery, 
the “probable proportions ” must be as- 
sumed such as to make 


Q* (32.8)* ' 
= a's = (13.5)'(109)"Gqi de = 0.131 ft. 
hence the wetted perimeter 
a 13.5 
“7 0.131 


The cross-section corresponding to such 
a wetted perimeter and an area of 13.5 
square feet, would have approximately 
either a width of 102,7; feet and a depth 
of #3; foot, or a width of °,°; foot and a 
depth of 52 feet. Such “proportions” 
do not seem “ probable.” 

The small values of the coefficient, ob- 
tained by Mr. Bowie, are plainly due to 
the significance given to c. This ¢ is 
evidently intended to guide one in pro- 


=103 feet. 


lished in the January number of this jecting such ditches as are mentioned, 


magazine, and was aware of the fact that 
the values of ¢ were determined from 
actual measurement of the quantities 
flowing through the ditches. It is dis- 
tinctly stated (page 35), in connection 
with the Milton ditch, that ¢ was “deter- 
mined from the gauging at the meas- 
uring box.” It is also presumed that 
there was no intention of ignoring these 
measurements. 





* 33, not 59. 


and “ covers all common sources of loss” 
such as sharp bends, leakage, diminution 
and variability of cross-section. It was 
plainly Mr. Bowie’s purpose to furnish 
the means of estimating, upon the basis 
of the projected dimensions of cross-sec- 
tion, the capacity of a ditch of the char- 
acter described, after the natural changes 
have taken place and it has become more 
or less permanent under reasonable at- 
tendance. 
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EXPERIMENTS UPON THE HARDENING OF PORTLAND 
CEMENT. 
By M. PERRODIL. 


Translated from ‘‘ Annales des Ponts et Chaussées.” 


Tue experiments herein cited were| 
made upon speciinens of Portland cement 
from the works of Lonquety and De- 
marle, at Boulogne-sur-Mer. 

The percentage composition of this ce- 
ment after the complete expulsion of 
water and carbonic acid was 


which acquire in the water a considerable 
degree of hardness; 2d by the action of 
calcium hydrate upon basic calcium silicate. 

The proportions of silica alumina and 
lime found in the cement permit the for- 
mation of these compounds, and assuming 
that both the silica and alumina play the 
part of acids and unite with different 
proportions of the lime, there may result 


_one of the groups represented by the fol- 


Eighty-eight cubes of this cement were 
prepared without sand on the 12th of| 
August, 1883. Half of the number were 
immediately immersed in water. The. 
other half were left exposed to the air. 

At different periods indicated in the | 
following table, four cubes of each set) 
were subjected to acrushing strain. The 


fragments were immediately analyzed | 
to determine the amounts of water and | 
of carbonic acid that had entered in com- | 
bination. 


lowing formulas : 


3 SiO, 4CaO 
Al, O,, Ca O 


After twenty-four hours the immersed 
cement contains about the same amount 





Sample in Water. 
Age of the 
specimen. 


Sample in Air. 


Breaking weight, per sq. 
centimeter. 





pr. ct. of 
ee 


pr. ct. of 
water. 


pr. ct. of 
water. 


pr. ct. of Set 


O.. 





1 day 
3 days 
7 days 
15 days 
1 month 
2 months 
3 months 
6 months 


THROW ODS 


Wine PD ViP 
cococoocsco 


Lael eel cell seal eel 











DO SID DH DS 
WwWRANSSIOM 


329.6 











M. Fremy explains the hardening of 
cement :—Ilst by the formation of an 
aluminate of lime represented by one of 
the formulas : 


Al, O,,CaO; Al, O,,2 CaO; Al, O,, 
3 Ca O 


and the subsequent formation of hydrates 





of combined water as the cement in the 
air. Neither of them contains carbonic 
acid. The amount of water in combina- 
tion corresponds to about three-tenths of 
an equivalent, taking the lime present as 
one equivalent. 

At the end of a month the amount of 
water in the immersed cement has con- 
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| 
siderably increased, amounting to three | 
fourths of an equivalent, while in the ce- | 
ment left in the air it has remained nearly 
. the same. 

The carbonic acid, always absent in the 
immersed cement, increases gradually in 
the cement exposed to the air, until at 
the end of three months the amount is 
sufficient to indicate the presence of 7.64 
parts of lime. Now the amount of lime 
in the second of the above sets of formu- 
las is somewhat less than this, so that 
the composition of cement hardened in 
the air is represented by proportions 
somewhere between those represented 
above, but nearer the second set than the 


first. 
A remarkable result exhibited by the | 


table is the relation between the increase 
of combined water, and the increase of 
strength of the cement. These figures 
are all the more striking from the fact 
that a diminution of the water percentage 
is attended with a diminution in the 
breaking weight. 

The conclusion that may be drawn from 
these experiments is:—Ist, that the ce- 
ment acquires a greater degree of strength 
in the water than in the air; and 2d that 
the water which enters into combination 
is an important factor in the hardening 
process, whether it forms a hydrated cal- 


‘cium aluminate, or establishes a more 


complex reaction with the free lime and 
then upon the silica and alumina so as to 
form an artificial pozzuolana. 





A FLASHING TEST 


By Pror. CHAS. E. 


FOR GUNPOWDER. 


MUNROE, U.S.N.A. 


From the Journal of the American Chemical Society. 


Amone the methods in use for the de- 
termination of the condition and quality 


of gunpowder, is the “flashing test.” 
According to the Ordnance Instructions 
U. S. Navy, p. 345, “about eight drams 
of powder are poured on a glass plate so 
as to form a conical heap, and ‘flashed’ 
by applying a hot iron; no residuum 
should be left and only a few smoke 


marks should be seen on the plate.” 
Capt. Smith, R.A., in his Handbook of 
the Manufacture and Proof of Gunpow- 
der, p. 83, proceeds in the same way, 
but he places the powder in a thimble- 
shaped, copper cylinder, “which is then 
inverted on the flashing plate. This pro- 
vides for the particles being arranged in 
pretty nearly the same way each time, 
which is an all-important point in flash- 
ing. The decomposition of the powder 

ill be more thorough if it be thrown to- 
gether in a conical heap, than if it be | 
spread out in a thin layer on the plate, | 
hence, for comparison of different pow- 
ders, they should be placed on the plates 
as nearly as possible under the same con- 
ditions. 

“Tf the powder has been thoroughly | 
and effectually incorporated, the small 
charge placed on the plate will ‘ flash’ or 
puff off when touched with a hot iron, 





leaving only smoke marks on the plate. 
A badly incorporated paper will, on the 
other hand, leave specks of undecomposed 
saltpeter and sulphur, and will therefore 
give a dirty residue. But the ‘ flashing’ 
test, though apparently most simple, is 
one which, like the examination by eye 
and hand, requires experience to enable 
the observer to form an accurate judg- 
ment. Though a very badly incorporated 
powder could be detected at once, it is 
by no means easy to judge between two 
powders, both tolerably good, as to which 
has undergone the most thorough incor- 
poration. Flashing should therefore be 
constantly practiced with all classes of 
powders, and it is useful to keep some 
samples of bad powders to flash occasion- 
ally for comparison. Powder which has 
once been subjected to and injured by 
damp will be found to flash very badly, 
no matter how carefully its incorporation 
may have been performed. ‘This arises 
from a partial solution of the saltpeter 
having taken place, causing a consequent 
disturbance of the incorporation.” 
Comdr. J. D. Marvin, U.S. N., in his 
Objects and Resources of the Naval Ez- 
perimental Battery, p. 18, repeats the 
above directions and suggests weighing 
the plate on which the flash has been 





428 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





made, but, as he provides no means to 
prevent the absorption of moisture and 
oxygen and the escape of the hydrogen 
and ammonium sulphides, the method is 
of no value. 


In the Comptes Rendus 78, 1138; 
1874, Col. Chabrier proposes, what he 
terms a pyrographic method for the ex- 
amination of gunpowder and a detailed 
account is given in the Revue d Artillerie, 
4, 396; 1874, of its application by the 
Comité de l Artillerie in determining the 
relative value of wheel mills, stamp mills 
and moulins a tonneaux in effecting in- 
corporation and of the length of time 
necessary in each case to produce the 
desired result. 


This method’ consists in flashing the 
powder on sheets of paper, colored blue 
with iodide starch. Sheets of uniform 
tint, 0.30 meter long by 0.15 meter wide, 
are dampened and placed on a plate of 
glass of the same size. 
powder is then trailed on the paper, fol- 
lowing the longer axis. It is flashed by | 


a red-hot iron wire and it is found that | 


the center of the blue paper is bleached, 
while black spots and streaks appear on 


the white ground and white spots on the 
blue ground. The size and shape of the | 
bleached space and the number and ar- | 
rangement of the spots and streaks are 
determined by the character and amount 


of the powder used. Col. Chabrier does 
not give the rationale of his process but 
it is to be inferred from the fact that he 
styles these results pyrographic images, 
that he believes the bleaching to be due | 
to the heat evolved by the combustion. | 


A half gram of) 


volves considerable labor and the loss of 
the color. 

Since the flashing test is the simplest, 
readiest, and in the hands of an expert, 
the best test for the incorporation of 
powder, and, since it also fairly indicates 
the amount of deterioration which a pow- 
der has undergone during transportation 
and storage, it has seemed to me desir- 
able to seek some method by which the 
record could be made permanent. Such 
a record could then be filed at the factory 
with the other data concerning a given 
powder, or, in the case of the Govern- 
ment, they could be inclosed with the 
quarterly returns of the inspecting offi- 
cers, at different stations, to be examined 
by some expert in the bureau. Speci- 
mens of the tests of standard powders 
could also be furnished inspecting offi- 


cers, to guide them in the interpretation 


of the results of their tests, and, finally, 
a sample of the required test might be 
attached to the specifications for a gun- 
powder to be purchased. 

After some search I believe that I have 
secured such a permanent record, by em- 
ploying a paper colored with Turnbull's 
Blue. upon which to make my flash. This 
paper is thesame as that used in the “Blue 
Print Process” of photography, and is 
easily procured in commerce, The use 
of the paper was suggested by the fol- 
lowing facts. When gunpowder burns, 


the reaction which takes place may, ac- 


cording to Debus, Proce. U. 8S. Naval In- 
stitute. 9, 76, 1883, be represented by tke 


‘reaction 16 KNO, + 13C+5S=3K, CO,+ 


5K, SO,+9 CO,+COx8 N.,. 
Since, however, in ordinary gun pow- 


The well-known experiment of the bleach-| ders there is more carbon and sulphur 
ing of starch paste, colored blue with | than is required by the above equation, 
iodine, by heating in a test tube, is an| secondary, endothermic reactions take 
example of the same kind. | place, which may be combined and repre- 
This: process is an advance upon the | sented as follows: 3K, SO,+2K, CO,+ 
older one, but in applying it some) 7C0+7S=5K, S,+9C O,,. 
years ago I found it difficult to prepare! Further, on exposure to the air, the 
papers of the same degree of ‘blueness|polysulphides formed are oxidized to 
and that the evanescent character of the|thiosulphates. I have observed that, in 
color made it difficult to preserve the test my experiments, the characteristic smell 
papers intact for any considerable length | of the latter was most noticeable when 
of time; so, as before, we must either | the powder was badly incorporated. 
practice the method continually or else| It is well known that solutions of the 
flash powders, which we have kept as /|alkalies and the alkaline carbonates de- 
standards for comparison, with each set | compose Turnbull’s Blue and thereby de- 
of tests we make, in order to arrive at|stroy its color. Advantage has been 
any good results. Or, finally, we may | taken of this reaction to increase the dis- 


photograph the test papers, but this in-| tinctness of “Blue Prints,” or to make 
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such additions to them or alterations in | 
them as desired. With this I exhibit) 
a specimen of the blue paper, upon which 
one of the above reactions is written by | 
the aid of a solution of potassium car- 
ponate. The alkaline sulphides and thio- | 
sulphates also act upen the blue paper, 
but with less intensity and with the par- 
tial production of a yellow color. By 
flashing gunpowder then, upon such 
paper, yellow and white spots will be 
formed through the action of the sub- 
stances formed by the reaction. 

The test is made as follows: Pieces 
of the paper, from 15 to 20 centimeters | 
square, are dampened and placed on a 
sheet of glass or copper. A truncated 
leaden cone 3 centimeters in capacity is 
closed with the finger at the smaller end, 
filled evenly with powder and inverted on 
the paper. The result is a conical heap. 
The heap is immediately fired, either by 
a hot iron or copper wire, or, as in my 
experiments, by a fine platinum wire, 
heated to incandescence by an electric 
current. The paper is exposed to the 


action of the residue for thirty seconds| 
and then immediately placed under the 
spigot and washed with running water. 


When pulverized gunpowder cake is used 
it will be found that the space described 
by the base of the cone, has been black- 
ened and partiaily bleached by the damp- | 
ened layers of powder in contact with it ; | 
that about this space are black smutches 
and streaks, and that the whole surface 
of the paper is marked by white and yel-| 
low dots. Where the powder is badly 
incorporated the spots are coarse, and ir- 
regular in shape and distribution ; where, 
the incorporation is complete, the spots | 
are fine and quite uniformly distributed 
over the surface so that the paper appears 
but of a paler blue, with occasional spots 
and few streaks. 

With this, I forward specimens of tests 
made with powdered “mill cake.” All 
of the specimens belong to the same 
“charge,” but the first was drawn after 
the mill had been running four hours; 
the second, at the end of eight hours; 
the third, after twelve hours; and the 
fourth, after sixteen hours. The latter 
is known as the “ finished composition.” 
This length of running is rather unusual, 
but the charge used at the mills is greater 
than common. The tests exhibited were 





made October 19, 1883. I have yet others 


made April 26, 1883, which are to-day 
apparently as fresh and distinct as when 
made. It is believed that the papers 
show what is described above. That im- 
portance is given, in interpreting the re- 
sults, to uniformity of the bleaching and 
in the arrangement of the spots, depends 
upon the fact that gunpowder is a me- 
chanical mixture, and, therefore, that the 
regularity of the combustion and the uni- 
formity of the accompanying reactions 
must depend upon the fineness of the in- 
gredients and the intimacy and uniformity 
of the mixture. If the ingredients are 
coarse, and the mixture imperfect, the 
combustion will go on slowly and irreg- 
ularly, and the resulting globules of resi- 
due will be of considerable size and be 
deposited near the center of action. If 
the incorporation is complete, the reaction 
will take place nearly simultaneously 
throughout the whole mass, and the glob- 
ules will be, asa rule, quite small and 
projected to some distance. This inter- 
pretation is for mealed powders having 
the same formula. I have not yet been 
able, personally, to extend* my experi- 
ments to granulated powders or powders 
of varying proportions and ingredients, 
but I believe that this test will form a 
useful method for the study of these pow- 
ders. 

In order that the indications may be 
interpreted aright, it is necessary that 
the conditions under which the experi- 
ments are made, shall be as nearly uni- 
formas possible, and the first of these is, 
that the color of the test paper should be 
in all cases as nearly as possible of the 
same depth. The paper may be pur- 
chased in an emergency, but it varies 
among manufacturers owing to the many 
different formulas according to which it 
is made. Among these I have selected 
that issued by the Penn. R. R. Co. for 
use among its operatives. 

“Take 10 oz. (283.5 c. c.) of clean water 
and put it in an opaque bottle, add 1} oz. 
(35. 44 grms), of Red Prussiate of Pot- 
ash, allow this to dissolve. In a second 
containing 6 oz. (170. 1c.c.) of water, 
put 24 oz. (70. 85 grms), of Ammonio- 
citrate of Iron, allowing this also to dis- 
solve. Add the second liquid to the first 
and shake thoroughly. Keep closely 
stoppered and not exposed to light.” 

“In a room, from which daylight is ex- 
cluded, but where lamp or gas light may 
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be used, the paper to be printed on is 
laid on a table, and the fluid applied with 
a clean sponge. Care should be taken to 
apply the fluid as evenly as possible, and 
every part of one side should be gone 
over. For that reason it would be well 
to sponge the paper, first in one direction 
and afterwards crosswise to the first. 
When a sheet is sensitized it is put away 
in a drawer to dry, but never place one 
sheet on the top of another before they 
are dry; afterwards it makes no differ- 
ence. Sensitized paper may be kept in a 
drawer for a week or more, without in- 
juring its sensitive quality. 

“In using the fluid, care should be 
taken to pour out no more than is needed 
for the time, as it would be apt to spoil 
the fluid in the bottle if any fluid which 
had been used, was poured back again. 

“For the same reason the saucer into 
which the fluid is poured, and the sponge 
with which it is applied, should be washed 
out immediately after using and also be- 
fore using.” 

For the purposes of this test for gun- 





powder the dry sheets are now exposed 
to strong sunlight for four or five hours. 
When about to use, immerse in running 
water for five minutes, lay on the plate of 
glass and remove the excess of moisture 
by aid of filter paper or a blotter. The 
paper must be thoroughly moistened but 
without “standing ” moisture. 


Since writing the above I have received 
from Lieut.-Commander W. M. Folger, 
U.S. N., commanding the Naval Experi- 
mental Battery, the following statement 
concerning the testing of a granulated 
powder by this method. 


“In firing a sample of experimental 
powder lately, I had reason to believe, 
from its performance in the gun, (caliber 
6”), that the powder was badly incorpor- 
ated. Tested in the manner you suggest- 
ed with Turnbull’s paper and following 
all your directions, indications were fur- 
nished which (when compared with re- 
sults obtained with a normal sample of 
approved powder) verified most definitely 
the value of the method you suggest.” 





SWIFT CRUISERS. 


From the “ Nautical Magazine.” 


Ir is to be earnestly hoped that the | sels as have been proposed would be the 
Admiralty will well°consider what they | most-suitable for this important service. 
are about before allowing themselves to | If it has not actually been experienced, it 
be committed to the very questionable|may very readily be assumed, that in 


policy of building for the protection of | naval warfare all vessels of great length 


our commerce, swift cruisers, of upwards | have many objectionable points. 


of 400 feet in length, and of such other 
extreme proportions as have been pro- 
posed to them by a leading firm of ship- 
builders. 

A large Government order for vessels 
of this type would be a great help to the 
present needy condition of the shipbuild- 
ing trade; but the first question to be 
considered is—are such ships really want- 
ed? It appears to be pretty generally ad- 
mitted, that if war were to break out, and 
this country were involved, the Admiralty 
could not, effectively, protect the-large 
trading British fleets from capture ; there- 
fore, it may be argued, ships of some kind 
are assuredly required. Allowing all this, 
naval men, and seamen generally, are far 
from being assured that such large ves- 





Speed, 
without doubt, in this connection, is a 
most necessary qualification, but it is not 
everything ; and before an order is given 
for such very large and costly ships, it 
should be clearly understood whether a 
high rate of speed cantiot be got out of 
much smaller and less costly vessels. 

This country can afford to spend twenty 
millions to protect and maintain her 
ocean commerce, and when that twenty 
is finished she should resolve to lay down 
another hundred millions at the back of 
it in order to carry out that policy; but 
though spending money freely and lavish- 
ly, she cannot aftord to spend foolishly, 
or upon ships that may turn out to be 
failures before they have ceased to be 
new. 
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It has been said of two long and large | vessels, Albert Victor and Louise Dag- 
ships, which were, to some extent, the mar, built by the same firm for the 
outcome of a panic—the Warrior and | South-Eastern Railway Company, two 
the Black Prince —and which were laid years ago, embodying several valuable 
down in somewhat of a hurry; that improvements in her arrangements for 
amongst other serious defects, they would comfort of passengers, but notably in her 
neither wear nor stay. Perhaps the Eng- additional length of five feet, whereby 
. lish of this was that they took double the room and displacement have been ob- 
time they ought to, in performing the tained fcr the introduction of larger 
circle—a most important evolution in| boiler and surface condensers, to which 
naval war. additions the excellent results obtained 

Certainly, long and heavy ships work are mainly attributable. The usual four 
under great disadvantages as battle ships runs were made on the Maplin Sands, 
of any kind, and particularly as cruisers, | giving the extraordinary mean speed of 
where rapid movements and ready changes | 19.019 knots, or something over 22 miles 
of position are so all important. The|an hour.” Thus we have here a distinct 
greyhoundis a fast dog, but he frequently practical refutation of the doctrine that 
loses the hare by his inability to double high speed and great length, or great 


as quickly as his quarry; and he would | 
turn out to be an entirely useless animal | 
when pitted against a rat. | 

Apart from the question of her enor- | 
mous cost, a cruising gunboat of 450 feet | 
in length would quite as easily succumb 
to the first lucky shot from an enemy, as 
would a vessel of half her tonnage, being 
also cellular and equal in everything ex- 
cepting speed. She would, indeed, be 


more easily hit in a vital part, from her 


inability to turn as rapidly as the smaller | 
ship. The proposition, it appears, is, 
that nothing under 450 feet, and a corre- 
sponding breadth and depth, can be made 
effectually fast, and invulnerable to the 
heavy shot which are now thrown by ships | 
of all nations ; but this argument requires 
confirmation by more than one authority. 
There are several cases on record in 
the history of shipbuilding where great 
speed has been obtained out of very 
moderate proportions, independent alto- | 
gether of the twenty-five miles an hour 
of torpedo boats, and the following is| 
one of these cases taken from a well- | 
known periodical :—“ September, 1882. 
A new steamer, named the Mary Beatrice, 
built by Messrs. Samuda Brothers, Pop- 
lar, for the South-Eastern Railway Com- 
pany, and engined by Messrs. John 
Penn & Sons, of Greenwich, has had a/| 
journey down the river for the purpose 
of making her official trial trip. The di-| 
mensions of the vessel are as follows :— 
Length, 255 feet ; breadth, 29 feet ; depth, | 
15 feet 6 inches; draught, 8 feet 1 inch ; | 
and tonnage, 1,063 burthen. The indi- | 


tonnage, must necessarily go together. 
We have had it illustrated often enough 
in the trials of torpedo boats, although 
there is this difference in regard to them, 
that they are too small to be made in- 


vulnerable to heavy shot. 


In this little dilemma, it will be well to 
remember that neither naval constructors 


nor eminent shipbuilders are infallible in 


this direction, as they are not, also, in 
other matters connected with naval archi- 
tecture. 

Some years ago, when Atlantic compe- 
tition began to set in rather strongly, it 
was thought by all builders and construc- 
tors in this country—and perhaps by all 
others in any other country, for nobody 
said nay !—that great length and narrow 
beam were everything in the direction of 
speed. This idea continued to prevail 
amongst all who had anything to with 
ships, and who gave expression to their 
opinions; but about five or six years ago 
owing to the still greater demand for 
larger ships, and the restricted depth of 
water upon certain dock sills and bars of 
harbors, it was found necessary to in- 
crease the beam instead of the depth, 


and with results which surprised nobody 


more than the designers themselves. The 


‘assertion now made, and apparently just 


discovered by naval constructors and 
others, that to obtain great speed, great 
tonnage is indispensable, may be correct, 
or it may not, but if it be erroneous it 
only reminds us of other positive asser- 
tions made when iron steamers were in 
their infancy, and to the effect that, re- 


cated horse-power of the engines is 2,800. | specting length, anything over 300 feet 
She is distinctly an advance on her sister | was encroaching upon the confines of 
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danger. From 250, however, an advance 
was quickly made to 300—made by men 
of action, who had a more powerful belief 
in their own abilities, than in the opinions 
—eminent or otherwise—of the men of 
thought. Results have proved that emi- 
nent savants, scientists, and professors, 
have shown themselves to be somewhat 
blind leaders of the blind. Thus in di- 
rect opposition to the learning and doc- 


two miles an hour out of passenger ships 
of the tonnage of the Mary Beatrice, 
and twenty-one miles out of 400-footers, 
like those which traverse the Atlantic be- 
|tween Liverpool and New York, why 
| twenty, at least, cannot be obtained for 
fighting ships ranging from 1,500 to 1,800 
tons. 

There are difficulties in the way, no 
doubt, in combining moderate tonnage 





trine of such professors, practical men and high speed with invulnerability to 
have impatiently advanced not only to} shot, but in this age of inventions those 
300 but to 600, and, without any single | difficulties should be far from insur- 


instance, as far as is known, of the terri- 


ble consequences predicted, being fulfilled. | 


This digression only shows what an 
amount of groping in the dark there has 
been by the leaders of thought in this 
science, and how careful one should be 
before accepting statements coming even 
from eminent, or supposed to be eminent, 
personages, who are not also practical 
men. 

One may easily be within the limits of 
truth in asserting that, during the last 30 
years, few iron steamers have been built 
which have not been found conspicuously 
faulty, or capable of great improvement 
before they had ceased to be new. This 


applies even with greater force to new 
ships, not as fighting machines only, but 
as specimens of naval architecture and 


seaworthiness, as floating bodies. In this 
important question of cruisers, the Ad- 
miralty should invite three or four of the 
first shipbuilders of the country to take 
a contract for their construction—say one 
each, to four builders—and the equally 
important matter of length, tonnage, and 


mountable. 
In the case of the Mary Beatrice we 
‘have the tonnage, and we have the speed ; 
thus, if other conditions are satisfactory, 
it only remains to make her shot proof, 
or moderately so; to be entirely so would 
be next to impossible. It would be as 
unreasonable to expect ships to come out 
of an action unscathed, as to expect sol- 
diers to leave the battle-field without a 
wound, and perhaps the sooner we do 
away with such a forlorn hope, the better 
it may be for us. 
As long as naval wars continue, we 
shall have ships foundering as of yore, 
independent of all their armor, and it is 
'just possible that the time is not far away 
when this contrivance will be given up for 
ships, as it was for men, years ago. 
As long as guns are made which can 
penetrate armor, it is doubtful wisdom, 
indeed, to build very costly armored 
ships; and the nation which possesses a 
‘great fleet of small gunboats, carrying 
heavy guns, with great speed, is a nation 
to be not lightly esteemed, nor gratui- 


mode of propulsion, to be settled by a/|tously insulted. The handiest and per- 
committee, composed of builders, archi- haps the best ships for this service, 
tects, and naval commanders. Perhaps|should have a length from 260 to 280 
as little of science as possible, with its | feet, a suitable beam, and a draught of 
mystifying technicalities, and as much| water not exceeding 18 feet, with all 
practical knowledge as possible, might, stores and provisions on board. They 
with profitableness, be imported into their | should be either twin-screws or double- 
deliberations. |enders, with a propeller forward as well 
What they would have to consider as aft, unless it should be found that 
mainly would be,—can great speed, com- | strong engineering difficulties are in the 
bined with fighting power, be got out of | way of such a plan. 
vessels of this class, having moderate in-| Costing something like £70,000 each, 
stead of excessive dimensions, and if not,| we should, at such a rate, have three, 
why not? To non-scientific people, or to against one, of the large type proposed 
those who are neither naval architects|—or, for a fleet, sixty versus twenty. 
nor shipbuilders, it appears somewhat | Even if their speed did not come up to 
singular that if twenty-five miles an hour | that of the others by a knot or two, a 
can be got out of torpedo boats, twenty- | dozen of such ships would be immeasur- 
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ably superior, and more effective, than 
half-a-dozen of the others. Let them 
sail in couples, with two guns each, of 
great penetrative power. It must be re- 
membered that their primary business 
will be neither chasing nor running away, 
but standing by the fleet under their 
protection. ‘This fleet will be slow sail- 
ing, not reaching above 9 to 94 knots 
per hour, and what they will require of 
their great speed, will be to endeavor to 
choose the fighting position when the 
enemy puts in an appearance, and to en- 
deavor to sink him without losing sight 
of their charge. Thus the necessity for 
along run would not be sustained. If 
their object was to chase everything that 
hove in sight, we should, sooner or later, 
find the enemy sending in decoys ahead 
of the actual fighting ships, to prey upon 
the defenceless fleet, after the gunboats 
had gone sailing away in chase. 

Had the Americans sailed their ships 
in fleets, with good strong guards, which 
they could easily have supplied, the Ala- 
bama’s career of burning and sinking 
would have speedily come to an end, for 
she must either, in such a case, have faced 
the enemy, or kept out of the way. 

If, after the breaking out of war, it 
were found necessary to employ such 
large vessels as have been proposed, what 
could be easier, than for the Admiralty to 
buy on charter a few Atlantic steamers of 
great speed, and keep them, under such 
terms, till they find them unnecessary for 
that service. But the proposal to saddle 
the country with a fleet of very costly 
ships, which will be unserviceable after a 
war is finished, and which also may never 
be wanted, is not wise. Such vessels as 
have been suggested in this paper would 
not only be effective, but also cheap ships, 
and would be cheaply maintained, as their 
crews would be small. They would be 
admirably adapted for general service 
during peace, and being light-draughted 
would find all the harbors of the world 
open to them. 

There are probably few people taking 
any interest in naval matters who will 
not remember the exploits of the turret 
ship Huascar on the West coast of South 
America, during which she withstood the 
attack, and returned, with interest, the 
fire of two powerful British frigates. 
The Shah was one of the frigates, a ship 
which cost perhaps half as much again as 
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the Huascar. It is believed on that coast 
that she actually beat our two ships ; but 
what is certain is that they not only failed 
to capture her, but did not even cripple 
her, as the Admiral intended. It is said 
that the Admiral would have sunk her, 
and tried to do so, but after witnessing 
the method of her fighting, was very glad 
to give the Huascar a wide berth—he was 
afraid of being rammed by her. This 
ship was manned by a scratch crew, and 
officered, so it is said, by a landsman— 
who happened to have a pretty strong 
head, and some smattering of artillery 
practice. 

Now, what would this vessel have done 
had her crew and officers been British ? 
To have fought her more gallantly would 
have been impossible ; but to have sunk 
both the Shah and the Amethyst would 
have been probable. 

The Huascar was a brig-rigged vessel 
of about 200 feet in length, and a tonnage 
ranging somewhere about twelve hundred. 
She was protected with about four and a- 
half inches of armor, and her greatest 
speed was under eleven knots an hour. 

————_ eg >e ——_——__ 


REPORTS OF ENGINEERING SOCIETIES. 


MERICAN Society oF Civit ENGINEERS— 
Marcu 18Tu, 1885.—Vice-President G. 
S. Greene, Jr., in the chair. A paper by Mr. 
D. J. Whittemore, past President Am. Soc. 
C. E., on Roofing-Slate was read. The writer 
used, in 1872, a large amount of Pennsylvania 
black slate for roofing some freight houses in 
Chicago. The slate seemed to be of fair quality ; 
but in about six years thereafter, disintegration 
occurred to such an extent that it became nec- 
essary to remove nearly the whole of it. 

In 1879 there was required a large amount of 
slate for shop buildings for the Chicago, Mil- 
waukee and St. Paul Railway, and proposals 
were received from a number of firms for its 
supply. Seventeen varieties from as many dif- 
ferent quarries were received, and in order to 
judge of their quality, experiments were made 
as to the comparative strength when submitted 
to transverse stress, as to the relative avidity 
for water as shown by capillary attraction, as 
to the relative specific gravity, and as to the 
relative absorption of water when immersed. 
Two slates of each variety were given to one 
assistant, and two to another, for the purpose 
of testing, and they were directed to give for 
each slate a distinctive number in a scale of 
seventeen parts. Both assistants agreed in their 
determinations as to the position of each slate 
with reference to this scale. The assistants 
were not acquainted with the price of any of 
the slate. From the determinations thus made 
a table was formed by the writer, giving in 
separate columns the figures determined, and 
in another column the figures showing the cost 
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of each variety, and an addition of these figures 
was considered as fairly showing the relative 
positions of the different varieties. 

The slate offered at the lowest price gave the 
best aggregate, and was purchased. It wasa 
green slate from Vermont, and has been used 
upon a large number of buildings, some of 
which have been in service over five years, and 
no complaint as to quality has beenmade. The 
writer is not prepared to say that the deductions 
thus made can be in all respects considered a 
fair relative exponent of quality, but in this 
instance the decision is apparently justified by 
experience. 

A paper by Mr. William P. Shinn, M. Am. 
Soc. C. E., was then read in reply to a paper 
by Edmund Yardley, M. Am. Soc. C. E., in 
discussion of Mr. Shinn’s previous paper on 
Railway Efficiency. Mr. Yardley suggested 
that the average movement of cars on foreign 
roads has, contrary to Mr. Shinn’s supposition, 
increased since 1868, and not diminished. To 
this Mr. Shinn présents the statement—also 
prepared by Mr. Yardley—showing that the 
mileage of cars absent from the Pittsburg, Fort 
Wayne and Chicago Railroad has increased as 
stated; yet that, as this company is leased to 
the Pennsylvania Railroad, it is scarcely fair to 
include the Pennsylvania as a foreign road, 
and deducting the cars counted as absent which 
were upon the Pennsylvania Railroad, the 
movement on actual foreign roads is diminished 
and not increased. 

Mr. Yardley does not consider that there is 
any necessity for the new system of blanks pro- 
posed in Mr. Shinn’s previous paper; to which 
it is replied that, by the use of that system the 
change can be accomplished, and the per diem 


plan put into operation, without any addition | 


to the expense at present incurred in keeping 
trace of cars, provided that the charge for cars 
is made sufficiently high to operate as a penalty 
for their detention. 

Mr. Yardley criticised the rate proposed: in 
answer to which Mr. Shinn referred to his 


paper published in the Transactions for June, | 


1883, page 215, where he suggests at the rate 


five cents per ton per day, reckoned on the ca- | 


pacity as marked on the cars. This method is 
important on account of the many and widely 
different tonnage capacities—cars running from 
five to thirty or thirty-five tons. The sugges- 
tion of furnishing cars upon the basis of the 
annual cost of repairs plus the interest on the 
cost, divided by the number of working days 
in the year in order to reach a per diem rate, is 
lacking in equity. 

A letter was quoted, illustrating a marked 
case of increase in the efficiency of railroads to 
transport freight occurring in Holyoke, Mass. 

Mr. Shinn suggested that if the car account- 
ants of the country would apply the experience 
which they had to the consideration of the facts 
in their possession and within their reach there 
would result an early action. The fact. that, 
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FD gees ed CruB OF PHILADELPHIA—ReEcorp 
‘4. oF ReGuiar MEETING, March 2ist, 1885, 
—President J. J. de Kinder in the chair. 

Mr. E. 8. Hutchinson proved geometrically 
that the well-known Latitude and Departure 
Method of Calculating Areas was true for all 
positions of the assumed axis or meridian, pro- 
vided due regard be had to the signs; from 
which it was obvious that tedious computations 
could always be very much shortened by con- 
ceiving the meridian te pass through a conven- 
ient point within the area, instead of through 
the most easterly or most westerly point, as 
given in the books. 

Mr. John Wood, Jr., visitor, exhibited hand- 
some working models of cars and tracks 
equipped with the Curtis & Wood Automatic 
Car Coupler, and fully explained its workings. 
Various tests of the model were proposed and 
successfully made. The inventors claim that 
this coupler insures absolute safety in coupling 
and uncoupling cars, a great saving of links 
and pins, and much time in making up trains; 
that it can be applied to cars with little or no 
greater cost than the ordinary draw bar, which, 
in fact, is used, provided with an automatic 
steel hook instead of the ordinary pin, which 
hook has about double the strength of the pin 
now in general use; that it has all the advan- 
tages of the present link and pin coupler as to 
coupling to the ordinary draw-head or any 
other having a link or provided with a pin; 
that it can be applied to any freight car with- 
out changing the ordinary draught rigging, 
bolt or springs; that accuracy of coupling with 
the links in any possible position is assured by 
the construction of the bull-head throat, which 

| guides the link when forced backwards to the 
proper position. When it is desired not to 
couple, the uncoupling lever (at outside end of 
end sills) is thrown up, thus placing the crank 
in an opposite position and making it impossi- 
| ble to couple. 

The Secretary presented, by title, for Prof. 
L. M. Haupt, a revision of his paper upon 
Scales of Maps, which Prof Haupt has pre- 
| pared for the Club Reference Book. 

The discussion on strengthening the West 
| Main Abutment of Chestnut Street Bridge was 
continued by the author of the paper, Mr. J. 
| Milton Titlow, Prof. Haupt, Mr. Herring and 
| Mr. Howard Murphy. 

| Reoorp oF Reeutar Meetine, April 4th, 
1885.—President J. J. de Kinder in the chair. 

| The Secretary presented, for Mr. Jacob H. 
| Yocum, an illustrated description of the recent- 
| ly constructed Water Works at Columbus, Ga., 
| which city has a population of 25,000. The 
| Chattahoochee River was investigated as a 
| source of supply, but on account of the expense 
| of filtering after its frequent freshets, and of 
| pumpage, it was abandoned, and a gravity sys- 
|tem adopted. Among the adjacent hills were 
found a pure and soft water, delivered through 
| the gravel beds, and a gathering ground of 


during the past year of dullness in all traffic, | twelve square miles which would yield, after 
many railroad companies increased their car | allowing 50 per cent. for absorption and evapo- 
equipment in the face of the wholly inadequate | ration, a daily supply of 15,000,000 gallons. 
movement of cars, needs explanation, and the|The water is impounded in two successive 
policy which led to the increase needs correc- | dams, respectively 1303 and 115} feet above the 
tion. center of the city. The upper dam is 266 feet 
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long by 21 feet high; area 20 acres capacity, | 


100,000,000 gallons. The lower dam is 250 
feet long by 21 feet high; capacity 20,000,000 
gallons. The forest ground they occupy was 
carefully cleared, grubbed, and surface removed 
to the gravel and clay. The discharge of upper 
into lower dam is arranged with reference to 
aeration of the water 

The water is conveyed to the city by 18,009 
feet of 12 inch main, which divides, at the river, 
into two 9 inch wrought iron pipes laid under 
the floor girders of a bridge 800 feet long. 


These pipes unite in a 12 inch main again upon | 
the city side. It is intended to substitute a sub- | 


merged main for this double pipe. 


The distribution consists of 10, 8, 6 and 4| 


inch cast iron pipes, fitted with the Cassin 
double fire-hydrant and the necessary valves. 
Alinch jet can be thrown 85 feet. At the 
opening test 7 streams were thrown 75 feet 
simultaneously. 
ance of pure, good water during a four months’ 


drought, and have generally exceeded expecta- | 


tions. An additional 400,000,000 gallon reser- 


voir, is, however, contemplated, to meet pro-!| 


s pective requirements 

The discussion of Strengthening the West 
Main Abutment of the Chestnut Street Bridge 
was continued. 


ROCEEDINGS OF THE ENGINEERS’ CLUB OF 

Sr. Lovis.—Sr. Louis, Aprit 1, 1885.— 

The Club was called to order at 8 p. M. by Vice- 

President McMath, thirty members and four 
visitors being present. 

Minutes of last meeting were read and ap- 
proved. 

Executive Committee reported that the resig- 
nation of Mr. E. Harrison and Mr. Samuel 
Rockwell had been accepted; also, that C. D. 
Lamb and J. C. Meredith had forfeited their 


right to membership by non-payment of initia- | 


tion fee. 

The amendment of Sec. 7, of the bye-laws, 
proposed at the last meeting was adopted by a 
unanimous vote. 


The following gentlemen were proposed for | 


membership: Mr. O. A. Orrman, St. Louis, 
Mo., by Messrs. J. A. Ockerson and C. W. 
Clark; Mr. Walter 8S. Russel, Detroit, Mich., by 
Messrs. W. B. Potter and J. A. Ockerson. 

Prof. F. E. Nipher read a paper on ‘ The 
Efficiency of a Pair of Holtz Machines, one act- 
ing as generator and the other as motor,” 
which was discussed. 

Mr. K. Tully read a paper on ‘‘ Construction 
in Wood and Iron.” 

A general discussion followed. 


<>< 
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r[-ne River Humper.—The estuary of the 
Humber extends from the Trent Falls, at 





The works provided abund- | 


bar at low water, it has a deep low-water en- 
| trance channel of 60 feet to 70 feet available at 
all states of the tide. This needs no dredging 
to keep it open, and so powerful is the —_— 
}action that in~spite of a million tons of muc 
being thrown into the river every year, no ill 
effects have been observed. Hull is the third 
| port of the kingdom, the annual value of its 
{imports and exports being 40 millions, while 
those of Liverpool and London are, respectively, 
206 and 200 millions. Grimsby’s trade is 12 
millions, and that of Goole 9 millions. 

At Trent Falls the Humber is about one mile 
wide; at Hull it is about two miles, and at 
| Spurn, some four miles at high water, but there 
are places of greater width than this. In its 
lower portions the Humber forms a favorable 
harbor of refuge for coasting vessels, and it 
is said that as many as 700 to 800 sail have 
been anchored in the roadsteads at one time. 
From Spurn Point up to Hull there is a deep 
low-water channel, such that the largest ship in 
the British Navy may navigate it, and anchor 
off the town at any state of the tide. Of course 
any hostile ship could do the same, and the Stal- 
lingboro’ fort and Paul battery opposite would 
prove but a poor defence in the absence of naval 
reinforcements. But although vessels can reach 
Hull at all times, they can only enter the docks 
when the tide serves. The tide at Hull depends 
upon many causes besides the attractions of the 
sun and moon, indeed, in this river the direct 
action of these bodies is scarcely felt. In the 
open ocean the crest of the tidal wave travels 
approximately at the same rate as the earth 
rolls. But as soon as the narrow seas of the 
| British Isles are entered, the wave loses its dis- 
tinctive character and travels in the different 
channels at very reduced and varying rates, 
and with many peculiarities. This tidal wave is 
essentially different from the tidal cwrrent. The 
speed of the wave is that at which the crest or 
| high-water mark travels, but the speed of the 
tidal current is the actual velocity of the water. 
| The average speed of the tidal wave between 
| Spurn and Hull is twenty-two miles an hour, 
| that is, high water at Hull occurs about an hour 
| after high water at Spurn, and the distance be- 
| tween them is twenty-two miles; but the actual 
| motion of the water never exceeds five miles an 
jhour. The great tidal wave arriving from the 


| Atlantic is broken up on reaching the British 


| Isles, and divides north and south, the velocity 
being reduced from many hundred miles per 


| hour to thirty. forty, or fifty miles. The part 
| which passes round Scotland helps to form the 
| tidal wave in the North Sea, passing the mouth 
| of the Humber in a 8.8.E. direction. There is 
| thus no direct impulse into the estuary as there 
| is into the Severn, and consequently the range 

of tide is not excessive. At the same tme the 

Humber meets the sea at a point where the tidal 
| wave has its maximum oscillation, and conse- 


the confluence of the Trent and the Ouse, to | quently tides of 20 ft. to 22 ft. are of usual oc- 
Spurn Point, a distance of thirty-eight miles. | currence at Hull. Assuming the rate of flow in 
Receiving the drainage from an area equal to | the river to be four miles an hour, it is evident 
one-fifth of the whole of England, and with | that the tidal current cannot travel more than 
tidal conditions probably unsurpassed in any | twenty-four miles, and yet the river is tidal up to 
other large river or estuary, it is pre-eminently | Naburn Lock in the Ouse, a distance of 80 miles, 
adapted to carry a great commerce. Unlike | where high water occurs four hours later than 
he Mersey, with its 8 feet or 9 feet over the| at Spurn, by which time nearly all the water 
t 
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which entered the estuary from the sea has| quenting the port will be able to pass in with- 


gone out. This is due to the impulse caused | out any delay.—Abstract of a paper read before 
by the ingress of the tidal water in the first} the Hull Literary and Philosophical Society, by 
twenty-four miles, and this impulse is transmit-| A. C. Hurtzig. 
ted forward in the same way that an undulation | ——— 
may be sent along a rope by shaking one end | IRON AND STEEL NOTES 

oF Bars, Wire, &c., Direor 


of it. 
The Humber is an exceedingly turbid river, | | eo ‘ I 
and it is a debated point whether this silt comes | From FLurp Sreet.—A patent is published 
jin Germany (Zedtschrift des Vereins deutscher 
Ingenieure, January 10th, with an illustration) 


down with the land water, or is carried in by 

the sea. The advocates of the latter theory 
| taken out by C. M. Pielsticker and C. G. Mul- 
ler, for a process and apparatus the object of 


point to the fact that thirty miles of clay cliffs 

between Bridlington and Spurn are wasting at | 3 : l C 

the rate of 2} yards per year, and that the| Which is to produce bars, wire, &c., direct 
material is borne southward by the tide to the | from fluid steel by pressing it out through dies 
mouth of the river ready to be carried into it, | in a manner somewhat similar to the produc- 
and they strengthen their cause by showing | Hon of rod and pipe from lead. An iron ves- 
that during a freshet, when the land water is sel is lined with refractory material and pro- 
abundant, the river is clearer. Those who| vided with a manhole at one side and a cover 
favor the opinion that the mud comes from the| ®t the top, both capable of being securely 
up-country, show that the cliffs are carried | Closed. At the bottom at one side, opposite 
away on the ebb tide, when the detritus goes | the manhole, there is attached by bolts a cast- 
out to sea, and not tothe mouth of the river. | iron outlet pipe. Through this passes a steel 
The clearness during a freshet they ascribe to | tube with a water space around it exactly like 
the fact that some of the affluents of the Ouse | ® Water tuyere, so that the inner tube can be 
come from a part of the country that does not | Kept constantly cooled by circulation of water 
provide mud, and consequently the increase of | in the space. The end of the steel tube, on the 
total water in the stream may be greater than the | inside of the container, is constructed to hold 














increase of suspended alluvial matter. Theau- 
thor is one of those who recognize the turbidity 
of the Ouse as being due to material carried 
down by the stream. Onaccount of the continu- 
ual to-and-fro flow of the tidal water, an object 
moving with the current only makes five miles net 
progress towards thesea in a fortnight. It there- 
fore follows that in each five miles length of the 
river there is concentrated fourteen days’ detri- 
tus from a water-shed of 10,500 square miles, 
and this should amply account for its muddiness. 
Analyses also show that at the turn of high-tide 
the amount of suspended matter is least, and at 
low tide is geatest. 

It is intended to carry out some improvement 
works in the Ouse by training the channel, but 
these, the author believes, would have no effect 
upon the amount of tidal water in the river, 
and would not lessen the scour below Hull. 
The proposed works in the Humber, he fears, 
would not be so harmless. The present deep 
channels in front of Hull are dependent, he 
holds, for their very existence upon the main- 
tenance of the existing natural conditions in the 
Upper Humber, and particularly of the south 
channel past Chalders Ness. Now the conserv- 
ancy lines would shut up the present channels 
and substitute a new one through the sand 
banks, to serve both for ebb and flood. This 
trained channel would terminate a good way 
above Hull, and below it the water would fol- 
low its own course, probably with the result of 
altering the existing condition of affairs oppo- 
site Hull. Fortunately there is no immediate 
prospect of the works being commenced. 

Goole and Grimsby are both increasing their 
trade, while Hull remains nearly stationary. But 
there is hope that better times will come soon. 
There are great works in progress by which 





the tidal facilities of the Humber will be fully 
utilized. Ships drawing under 18 feet of water 
will be able to enter the new Alexandra Dock at 
low water, so that a majority of the vessels fre- 





a fireclay end, or nozzle, where the liquid steel 
comes in contact with it. The container being 
already hot, a steel bar is passed through the 
steel tube so as to project through the fireclay 
nozzle into the container. Liquid steel is 
then run in, the cover secured, and the con- 
tainer connected by means of a tube at the 
top with a vessel containing liquid carbon di- 
oxide. The steel bar is then withdrawn 
through the tube or die, and the pressure of 
the carbon dioxide forces the fluid steel to fol- 
low it. so that it is drawn out as a continuous 
rod, of the dimensions and shape of the die, to 
be passed at once still red hot, through rolls to 
finish it as required. 

New Process or Stree, Makine.—A pa- 

tent has recently been granted to Mr. W- 
A. Otto Wuth, of Pittsburgh, Pennsylvania, 
for a new process of producing steel from 
wrought iron with plumbago, the steel pro- 
duced being, it is stated, of a high grade and 
practically free from sulphur and phosphorus, 
while containing a definite percentage of car- 
bon. The process consists in making the steel 
from wrought iron that is practically free from 
phosphorus, sulphur and carbon, by melting it 
on an open hearth in contact with a form of 
carbon which will not oxidize at the heat nec- 
essary to smelt the iron, but which will unite 
with the iron at that heat. Any wrought iron 
which is sufficiently low in phosphorus may be 
used as the basis of this process, though muck 
bar made according to a previous patent of 
Mr. Wuth is preferred as being especially pure. 
The decarburized iron of the requisite purity 
is first cut into pieces of convenient length and 
placed in the hearth of the furnace in layers 
piled one above the other. Between each 
layer of iron is spread a thin stratum of plum- 
bago, preferably in a pulverized condition, al- 
though it may be used in lumps. For this pur- 
pose the inventor employs the plumbago of 
commerce, but of good quality, containing 
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about 98 per cent. of carbon and 2 per cent. of 
silica, witha trace ofiron. The hearth of the 
furnace is charged with alternate layers of, 
wrought iron and plumbago, until it is suffi- | 
ciently full, the relative thickness of the layers 
depending upon the amount of carbon which | 
it is desired that the resulting steel should con- | 
tain. If the iron were absolutely free from | 
slag, and the plumbago were also absolutely | 
pure carbon, then the proportions of the charge 

would be the same as the proportions of iron 

and carbon in the desired steel product; but | 
as there is always more slag in muck bar (not, 
however, exceeding 1 per cent.), and some 
silica in the plumbago, the proportions of 
which can be ascertained before the furnace is 
charged, the necessary allowance for these ele- | 
ments will have to be made, and the percentage | 
of carbon can be regulated with great exact- 

ness, so as to produce steel, it is claimed, very 

nearly approaching to an ideal steel. The fur- | 
nace being thus charged with muck bar and | 
plumbago, the charge is melted in the usual | 
way, and the operation further carried on as 
in the well-known open-hearth process. Be- 
fore the melted metal is withdrawn from the 
furnace a small and definite amount of speigel- 
eisen or ferromanganese is added. By this 
process Mr. Wuth says he has made several 
charges of steel of 12 tons each containing as 
low as 100th of one per cent. of phosphorus, 
and that he will be able to produce any kind of 
fine steel that may be desired. 

aia 


RAILWAY NOTES. 


i - rapid tunnel driving has lately been 
kK) done on the Mersey Tunnel Railway, by 
Colonel Beaumont’s boring machine. The dis- 
tance accomplished last week, through the red 
sandstone under the Mersey, was 87 yards, 
which is the ‘fastest on record.” The heading 
now being driven, and which is nearly com- 
pleted, has a total length of about 950 yards; 
and this, as well as the previous heading of 
about 700 yards in length, are intended for ef- 
fecting the ventilation of the main tunnel. The 
total distance driven by Colonel Beaumont’s 
machine—which cuts a circular heading rather 
over 7 feet in diameter—in connection with the 
Mersey Tunnel, is about 2,250 yards, which in- 
cludes the first operation, viz., the boring of the 
drainage heading. 


“ne Midland Railway from Woodlesford, 
near Leeds, to Barrow-in-Furness was 
obstructed throughout Sunday. A correspond- 
ent says:—Messrs. Cammell and Co., of Shef- 
field, recently completed an immense steel pro- 
peller for a steamship, which is being construct- 
ed at Belfast. The blades of the propeller—one 
of the largest yet made—were so wide that they 
overlapped the opposite line of rails to that on 
which the propeller was being transported. On 
Sunday arrangements were made for the con- 
veyance of the propeller from Woodlesford to 
Skipton, and in order to effect this the passen- 
ger trains along the route were shunted and 
blocked to allow the special train to pass. At 





the stations and junctions the propeller excited 
he train journeyed to Skipton 





great interest. 





safely, where it was intended that it should re- 
main until next Sunday, but it afterwards pro- 
ceeded to Carnforth, and subsequently to Bar- 
row, where it arrived on Sunday night. 





=. 
ORDNANCE AND NAVAL. 
r[‘ne Nexr Bia Gun.—According to the 
Morning Post, preparations are being 
made at Woolwich Arsenal for the proof trials 
of an enormous gun which is now in process of 
construction at Elswick, and will be delivered 
a few months hence. It will weigh 110 tons 
and have a carriage of 90 tons, the total weight 
of 200 tons being considerably in excess of pre- 
vious undertakings. The gun will be a breech- 
loader and have a bore of 16 inches. Its 
length will be 43 feet 8 inches, but its extreme 
diameter at the breech will be only 5 feet 6 
inches, and it will have a very elongated chase 
or barrel tapering down to 28 inches, with a 
slight swelling at the muzzle. The carriage 
will run on the ordinary railway gauge, but 
the line leading to the proof-butts will have to 
be partly relaid, and the bridge over the canal 
will probably be strengthened. After the gun 
has been proved at Woolwich it will be taken 
to Shoeburyness for the purpose of trying its 
range and accuracy, and it is at present a 
question whether the gun barge Magog can be 
altered to receive it, or whether it will be ne- 
cessary to provide another vessel. Three guns 
of this description are to be made, and they 
are intended for the Royal Navy. 
| Se Heavy Orpnance.—Very large 
orders for naval artillery have recently 
been given to the Oboukhoff Steel works, near 
St. Petersburg, which is virtually a government 
establishment, and under the control of officers 
of the Russian war department. The orders 
given by the minister of marine comprise two 
12-inch guns for the ironclad Katrina II., now 
in course of construction at Nicolaieff; four 
11-inch guns for turret frigates, nine 9-inch 
guns for monitors, seventeen 6-inch guns for 
the corvettes Rynda, Vityaz, and Bobr; six 9- 
pounders for the Bobr, eight 4-pounders for 
the Rynda and Vityaz, and two 24-inch field 
pieces for other vessels. There are also large 
requisitions for shot and shell. All the steel 
for the guns is of home production, and made 
at the government works of Briansk, where also 
is produced the steel for the new ironclads 
Nicolaieff and Sebastopol. Steel manufacture 
is being very much encouraged at the present 
time in Russia. The small-arms factory at 
Sestroretsk is entirely supplied with steel made 
at Zlataoust, which also furnishes the 12- 
pounder guns used by the Russian artillery. 
Prince Belozensky has established large steel- 
works at Katel-Ivanova, and has obtained from 
the government an order for steel rails which 
will keep his works employed for several years 
to come.—Jron. 
LOATING House For TorPEepo ExXPERI- 
MENTS.—A floating house for torpedo 
trials is being built at the Royal Arsenal, Wool- 
wich, by the Laboratory Department. It is 
intended for use at Chatham Dockyard, where 
the Lords of the Admiralty have placed one 
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of the largest basins in the kingdom at the dis- 
posal of the War Department for the purposes 
of these experiments, stipulating only that no 
building is to be erected, and that possession 
must be given up at any time without notice. 
For these reasons a floating house has become 
necessary. It will contain the engine for 
charging the torpedoes with compressed air, 
the tube for firing them under water, and the 
other apparatus requisite for a torpedo range. 
For some time past the canal at the Royal 
Arsenal, Woolwich, which was the only piece 
of still water available for testing and proving 
the newly constructed torpedoes, has been 
found inadequate as regards length and depth, 
and attempts have been made to try the torpe- 
does in the Thames, but not with any great 
success. 


BOOK NOTICES. 
PvuBLICcATIONS RECEIVED. 


ULLETINS of the United States Geological 
Survey : 

No. 2.—Gold and Silver Conversion Tables ; 
a pamphlet of 8 pages. 

No. 3.—Fossil Faunas of the Upper Devoni- 
an; pamphlet 36 pp. 

No.4.—On Mesozoic Fossils; pamphlet 37 pp. 

No. 5.—A Dictionary of Altitudes in the 
United States; pamphlet 325 pp. 

No. 6.—Elevations in the Dominion of Cana- 
da; pamphlet 42 pp. Washington: Govern- 
ment Printing Office. 

Transactions of American Society of Civil 
Engineers. January. 

Bulletin of the Philosophical Society of Wash- 
ington, Vol. VII. 

From Cassell & Co. : The Quiver, The Fam- 
ily Magazine, and The Magazine of Art; the 
latter embellished with five full-page illustra- 
tions. 

Selected Papers of the Institution of Civil 
Engineers : 

The General Theory of Thermo-Dynamics. 
By Professor Osborne Reynolds, F. R. 8. 

No. 1,992.—The Art of Making Paper by the 
Machine. By James William Wyatt, Assoc. 
M. Inst. C. E. 

No. 1,999.—On Hauling out and Launching 
Vessels Sideways. By Murray Jackson. 

No. 2,016.—Pumping Machinery for Drain- 
ing Marshes. By Thomas Richard Guppy, M. 
Inst. C. E. 

No. 2,022.—Removal of Buddonness Light- 
house. By David Cunningham, M. Inst. C. E. 

No. 2,023.—Notes on Compressed Air. By 
John Kraft, M. Inst. C. E. 

No. 2,025.—The Burnham Sewage Outfall 
-— By Alfred Barton Brady, Asso. M. I. 


‘No. 2,029.—Electric Lighting for Steamships. 
By Andrew Jamieson, F. R. 8. E. 


No. 2,036.—The Barmouth Waterworks. By 
Thomas Roberts, Assoc. M. Inst. C. E. , 
f[ ne Civiz Eneinger’s Pocketr-Boox. By 


Joun C. Trautwine, C. E. Revised, cor- 
rected and enlarged by John C. Trautwine, Jr., 
C. E. New York: John Wiley & Sons. 

A book so widely known as this needs no 








comment, certainly no praise. Many engineers 
regard it as the only necessary cyclopedia of 
useful knowledge, and many of the profession 
who began to use the first edition fourteen 
years ago are probably now suffering from im- 
paired or lost eyesight from too assiduously la- 
boring over the painfully small type which was 
necessarily employed in condensing an encyclo- 
pedia into a pocket-book. 

The revisions and corrections in the new edi- 
tion are numerous, It requires five pages of the 
preface to specify them. Many omitted para- 
graphs have not been replaced, so that a large 
number of scars are apparent when turning 
over the leaves. 

The additions to the work are an undoubted 


improvement. 

NNUAL Report oF THE StTaTE GEOLOGIST 
A or New JERSEY FoR THE YEAR 1884. By 
Gro. H. Coox, LL. D. Trenton: State Printer. 

Superintendent Cook’s Reports are always 
valuable to the people of the State at least, and 
always contain something of interest for stu- 
dents of geology everywhere. 

Considerable space is given to the description 
of the columnar trap rocks at Orange, in which 
there was a widespread popular interest mani- 
fested last Fall. 

The chapters on the Drainage of the Great 
Meadows, and on the Purifying of Water, pos- 
sess a far more than local interest. 

The maps and other illustrations are excel- 
lent. 


H™ To Drain a House. By Geo. E. War- 
ING, Jr., M. Inst. C.E. New York: 
Henry Holt & Co. 

This little book of 222 pages presents the 
subject of House Drainage in 26 chapters. It 
is a compact manual for the householder. 
Many who would refuse to read the more com 
plete treatises on this important subject will 
probably be attracted by the exceedingly con- 
cise form in which the leading principles are 
presented. 

The few illustrations are pretty good. 


| ee ot FOR AMATEURS; A NON-TECHNI- 
OAL MANUAL For THE Usg or ALL. By T. 
C. Hepwortn. Cassell & Co. 1884. 

This little volume contains more information 
valuable to the amateur than many of the 
larger and more pretentious publications. The 
chapter on portraiture is valuable as giving di- 
rections for taking properly-lighted pictures in 
ordinary dwelling rooms—a feat which few ama- 
teurs accomplish successfully. Pages 29 and 30, 
on lenses, are worthy the perusal of anyone in- 
tending to buy an outfit, and may save the pur- 
chaser many dollars. On p. 72 a negative 
washing-box is given, which most workers in 
photography will find unpractical. In the chap- 
ter on development an improvement could be 
made by using the same terms when speaking 
of fluids, and not employing *‘ oz.” in one place 
and ‘‘ pints” in another. Chapter 11 contains 
some good hints on mounting prints, including 
the making of starch paste and mounting with 
gelatine in alcohol, a method which will not 
cockle the mounts. A good index is another 
recommendation for this little volume. 
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OPOGRAPHICAL SuRVEYING. VAN Nostranp’s | 
Science Series, No. 72. Price 50 cents. 
This work contains four papers on the fol- | 
lowing topics, viz.: ‘‘ Topographical Survey- 
ing,” by Geo. J. Specht, C. E.; ‘‘ New Methods 
in Topographical Surveying.” by Professor A. 
8. Hardy; ‘‘ Geometry of Position applied to 
Surveying,” by John B. McMaster, C. E.; ‘‘Co- 
ordinate Surveying,” by Henry F. Walling, 
C. E. The Art of Surveying, now but in its 
infancy in this country, and with surroundings 
adapted to afford it a huge growth, finds in 
these short essays elements tending to pro- 
mote a rapid and healthy development, a boon 
which it cannot be said to have enjoyed at the 
hands of the American surveyor, because, per- 
haps, necessity has not seemed to demand it. | 
Now that potent reasons for determining the 
position and configuration of our lands are 
arising, it is a source of satisfaction to see that 
scientific literati are giving this important sub- 
ject the attention it deserves. 

The paper on Topographical Surveying treats 
on the use of the stadia. The essential details 
of field practice and the manner of keeping 
and plotting field notes are given in a very com- 
plete manner. The paper closes with a short 
chapter on the use of the slide rule to facilitate 
the computation of the field notes, the useful- 
ness of which as a labor-saving machine is ap- 
parent. 

Mr. Hardy’s description of photographic sur- 
veying is very interesting, and undoubtedly 
will inform a large body of our surveyors, for 
the first time, of the possibility of locating, by 
intersections, an almost infinite number of 
points by but two observations. The office 
work consists in finding the intersection of the 
two cones determined in the field, a simple ge- 
ometrical operation. 

The paper on the Geometry of Position ap- 
plied to surveying is very instructive, and every 
surveyor who aims to become accomplished in 


| Sess. 


; all our readers. 


field work should number this method among | 


his resources. 


a plan for conducting land surveys by referring 
them to stations, the co-ordinates of which 
have been determined by a complete system of 
trigonometrical surveys, with references to 
some established point. The objects to be at- 
tained are an accurate determination of the posi- 


and the avoiding in a large measure of land liti- 
gation. A review of what has been accom- 
plished in this direction, the faults of the pres- 
ent method, or rather lack of method, of con- 
ducting our surveys, is 
short chapters as an introduction to the writer’s 
plan. The captions of two of these chapters 
speak volumes to those who have had opportu- 
nities of becoming familiar with how our land 
surveys are made. They are ‘ Faulty descrip- 
tions in land conveyances,” and ‘‘ Imperfec- 
tions of the surveyor’s compass.” The method 
of procedure in carrying on the different opera- 
tions relating to this plan and two examples of 
its application are presented. The manner in 


: - 2 | ** Novelties” 
The paper on Co-ordinate Surveying presents | 


veyor should be expected and required to pos- 
Apropos of this question it may only 
be necessary to refer incidentally to the cir- 
cumstance, quite widely known, we presume, 
that one of the results of the trigonometrical 
survey of New York State was to establish the 
fact that most remarkable errors existed in the 
location of towns and boundaries of counties as 
laid down on the then current maps. It is to 
be hoped that this paper will be extensively 
read by those interested in this subject, and 
hasten the millennium of bringing order out of 
the present chaos in our land surveys.—Ab- 
stract of Review in Mechanical Engineer. 

-_ 


MISCELLANEOUS. 


ry\ne ‘“Nove.ties” Exarsirion.—The an- 

nouncement of the Managers of the Frank- 
lin Institute of their intention to hold another 
exhibition in Philadelphia, during the autumn 
of the present year, will be news of interest to 
The Electrical Exhibition of 
last year was an unqualified success in every 
way, and was most creditable to this useful 
and venerable institution, and to all who were 
concerned in it. 

The managers have decided this year to hold 
an exhibition of a more popular character. It 
will be known as the ‘‘ Novelties ” Exhibition, 
and will be devoted, as its title indicates, to 
the display of such recent inventions, improve- 
ments and discoveries in the arts and manufac- 
tures as may be deemed worthy of admission. 

It will afford our inventors and manufacturers 
an excellent opportunity of bringing to public 
notice their best and most recent achievements. 
That the character of the forthcoming event 
will undoubtedly be maintained up to the high- 
est standard of excellence, goes without saying, 
and our people may look forward to the ‘* Nov- 
elties”” as a rare source of interest and instruc- 
tion. 

From the announcement of the managers, the 
Exhibition will be opened on 
Tuesday, September 15th, and will be closed on 


Saturday, October 31st. 

Ore For Speciat Purposes.—The value 
of a cement is, first, that it should become 

a strongly cohering medium between the sub- 


| stances joined; and, second, that it should 
tions of corners and directions of boundaries, | 


given in a series of | 


which the subject is handledis very clear, and the | 


demonstration of the principles require no more 
mathematical knowledge than what every sur- 


withstand the action of heat, or any solvent ac- 
tion of water or acids. Cement often fails in 
regard to the last consideration. For water- 
proof uses several mixtures are recommended, 
and the following may be mentioned: One is 
to mix white lead, red lead, and boiled oil, 
together with good size, to the consistency of 
putty. Another is powdered resin, 1 oz., dis- 
solved in 10 oz. of strong ammonia; gelatine, 
5 parts, solution of acid chromate of lime, 1 
part. Exposing the article to sunlight is useful 
for some purposes. A waterproof paste cement 
is said to be made by adding to hot starch paste 
half its weight of turpentine and a small piece 
of alum. As a cement lining for cisterns, pow- 


dered brick 2, quicklime 2, wood ashes 2, made 
into a paste, with boiled oil, is recommended. 
The following are cements for steam and water 
joints : 


Ground litharge, 10 lbs., plaster of 
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Paris, 4lbs., yellow ochre, $lb., red lead 2} 
Ibs., hemp, cut into }-in lengths, } 0z., mixed | 
with boiled linseed oil to the consistency of | 
putty. White lead, i0 parts, black oxide of | 
manganese, 3, litharge, 1; mixed with boiled | 
linseed oil. A cement for joints to resist great | 
heat is made thus: Asbestos powder, made in- 
to a thick paste, with liquid silicate of soda. | 
For coating acid troughs, a mixture of 1 part | 
pitch, 1 part resin, and 1 part plaster of Paris | 
is melted, and is said to be a good cement coat- | 
ing. | 
Correspondents frequently ask for a good ce- | 
ment for fixing iron bars into stone in lieu of | 
lead, and nothing better is known than a com. | 
pound of equal parts of sulphur and pitch. A} 
ood cement for stoves and ranges is made of | 
re-clay with a solution of silicate of soda. A 
lue to resist damp can be prepared with boiled | 
Tseed oil and ordinary ‘glue; or by melting 1 | 
lb. of glue in two quarts of skimmed milk, | 
shellac, 4 0z., borax, 1 0z., boiled in a little | 
water, and concentrated by heat to paste. A| 
cement to resist white heat may be usefully | 
mentioned here. Pulverized clay, 4 parts; 
plumbago, 2; iron filing, free from oxide, 2; | 
peroxide of manganese, 1; borax, 4; senses, | 
+; mix with water to thick paste, use immedi- | 
ately, and heat gradually to a nearly white heat, | 
Many of the cements used which are exposed | 
to great heat fail from the expansion of one or | 
more ingredients in them, and an unequal stress 
is produced ; or the two substances united have 
unequal rates of expansibility or contractility ; 
the chemical or galvanic action is important. | 
The whole subject of cements has not received | 
the attention it deserves from practical men. | 
Only Portland cement has received anything 
like scientific notice, and a few experiments up- 
on waterproof, heat-resisting, and other cements 
would show which cements are the best to use 
under certain circumstances. 


SSYRIAN SoreNce.—Last Wednesday after- 
A noon Mr. W. St. Chad Boscawen de- 
livered one of a series of weekly lectures at the 
British Museum on ‘“ Assyria;” the attendance 
was large. In the course of his address the 
speaker drew attention to the amount of 
scientific knowledge possessed by the dwellers | 
in the city of Nimrod, mentioned in the open- 
ing chapters of the Book of Genesis, and he 
stated that the present knowledge of the 
manners and customs of the people who dwelt 
in those cities during a period ranging from | 
2000 to 4000 years B. C. is considerable, even 
to the details of the lives of certain private per- 
sons down to their very family squabbles. As 
to their scientific knowledge, they had, made 
some progress in mensuration, and they laid 
down plans of buildings ‘to scale;” their 
standard of measurement was the Babylonian 
cubit, which they subdivided into a number of 
equal sections.. They had a table of square | 
and cube roots, they calculated by the scale of 
60, and they divided the circle into 360 parts. | 
In the earlier periods their sculpture, in which | 
they were advanced, was more true to nature | 
than in the later periods, when it became con- | 
ventional. He should like to know what the | 
British workman would think of the material 
they carved, for it was porphyry so hard that | 








it would turn the edges of the best chisels; in 
all probability they used the diamond drill, as 
the Egyptians certainly did, and spent un- 
limited time over their work out of fealty to 
their king or reverence for their God. They 
worked bronze with the hammer, and they 
cast statues with the same alloy; one of their 
earliest hymns speaks of a good man shining 
like brass cast out of a crucible. In music, 
they had the harp, pipes, and cymbal. They 
knew the colors assumed by light; Mars was 
described to them as a red orb, and Mercury as 
a blue one; in one of their hymns a scribe 
speaks of the sky being as blue as the seu. 
They had words for the compound as well as 
the primary colors, including names for reddish- 
brown, purple and gray. Blue and purple were 
connected in their minds with the idea of 
darkness, and the same appears to have been 
the case with the ancient Greeks; he was not 
quite sure that such was the case with the 
latter people. The Euphrates Valley, in fact, 
was the cradle of civilization; upon its banks 
were city kingdoms, each city having its own 
king, one of whose duties it was to sit at the 
gate of the city to give judgment. Old com- 
mentators had found various sites for the four 
cities of Nimrod, varying in position from 
Ireland to the banks of the Ganges ; but modern 
explorations had solved the mystery. The true 
site of Babylon was the only one which had 
been preserved by tradition; the literal in- 
terpretation of the word ‘‘ Babylon” was ‘‘ The 
Gate of God.” 

PAPER On some irregularities in the values 
A. of the mean density of the earth, as de- 
termined by Baily, was read on the 26th ult. 
by Mr. W. M. Hicks. The author showed 
that the numbers obtained by Baily for the 
mean density of the earth depended on the 
temperature of the air at which the different 
observations were made; and he exhibited a 
table showing that as the temperature increased 
from 40 deg. Fah. to 60 deg. Fah. the deduced 
mean density fell continuously from 5.734 to 
5.582. He considered several possible causes 
of error, but showed that they were either 
inadequate to explain the irregularities, or 
tended in the opposite direction. The only 
further suggestion that occurred to him was 
that Baily’s personal equation was a function 


| of the temperature, leading him, as his tempera- 


ture rose, to estimate distances more liberally. 
\ T a recent meeting of the Cambridge 
Philosophical Society, a paper was read 

by Mr. A. H. Leahy on the pulsation of 
spheres in an elastic medium. The problem of 
two pulsating spheres in an incompressible 
fluid has been discussed by several writers. 
The author considers the analogous problem in 
the case in which the medium surrounding the 
spheres has the properties of an elastic solid. 
He finds that the most important term in the 
expression of the law of force between the two 
spheres varies inversely as the square of the 
distance between them. This force will be an 
attraction if the spheres be in unlike phases, a 
repulsion if they be in like phases at any in- 
stant. The next term in the expression varies 
inversely as the cube of the distance between 
the two spheres, and is always a repulsion. 











